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MR. O'DONNELL: W e  d o n ' t  have  a f i r m  scheZt_!lt.  f o r  sl l  the  
s u b s e q u e n t  b r i e f i n g s ;  however ,  t h e  n e x t  one i n  c h i s  s e r i s s  w % : l  
betwo w e e k s  from today  on  Wednesday, S e p t .  2 4 ,  1 p.m. C e n t r a l  
t i m e ,  2 p.m. E a s t e r n ,  a t  t h e  Johnson S p a c e  C e n t e r .  T h e  t o p i c  s2 
t h a t  d i s c u s s i o n  w i l l  b e  "Onboard Data P r o c e s s i n g  i n  t h e  N e w  Gen-  
e r a t i o n  o f  P i l o t e d  S p a c e c r a f t . "  S u b s e q u e n t  b r i e f i n g s  w i l l  be 
here  a t  NASA H e a d q u a r t e r s  and  a t  t h e  t h r e e  centers: Kennedy,  
M a r s h a l l  and J o h n s o n .  Coming i n  today you s h o u l d  have  r e c e i v e d  
th ree  handouts :  a s i n g l e - p a g e  s t a t u s  r e p o r t  on t h e  Shuttle 
a c t i v i t i e s  t o  d a t e  -- what  t h e  s t a t u s  o f  Columbia  a t  t h e  Cape .  
You s h o u l d  a l s o  have  a set of p r i n t e d  copies o f  t h e  v u g r a p h s  of 
which you w i l l  be  s e e i n g  h e r e  t o d a y .  

I n  t h e  back of t h e  a u d i t o r i u m  t h e r e  is a s tack of brown 
e n v e l o p e s ;  i f  you w i l l  s e l f - a d d r e s s  t h e s e  and  l e a v e  t h e m  w i t h  u s  
w e  w i l l  make sure  you r e c e i v e  a copy o f  t h e  p r i n t e d  t r a n s c r i p t  o f  
t h i s  b r i e f i n g .  We hope to h a v e  t h a t  i n  a few d a y s .  

T h i s  p a r t i c u l a r  b r i e f i n g  is b e i n g  p i p e d  i n  v i a  a two-way 
hookup between h e r e ,  Kennedy, J o h n s o n ,  M a r s h a l l  and t h e  D r y d e n  
C e n t e r .  A l s o ,  people a t  o t h e r  loca t ions  are  able t o  l i s t e n  i n  
and monitor o n l y .  However, w e  w i l l  b e  a b l e  t o  take q u e s t i o n s  
from t h e  four centers I m e n t i o n e d .  For k i c k o f f  o f  t o d a y ' s  
b r i e f i n g  w e  have  NASA A d m i n i s t r a t o r  Dr. Robert  A .  Frosch, who 
will he f o l l o w e d  by t h e  Associate Adminis t ra tor  f o r  S p a c e  T r a n s -  
p o r t a t i o n  Sys tems ,  J o h n  Y a r d l e y .  F o l l o w i n g  t h e s e  two p r e s e n -  
t a t i o n s ,  w e  w i l l  open  t h e  f l o o r  t o  q u e s t i o n s .  Thank you.  D r .  
F r o s c h .  

DR. FROSCH: Thank you a l l  for  coming.  T h i s  b r i e f i n g  i s  
i n t e n d e d  t o  be g e n e r a l l y  background i n f o r m a t i v e  s o  t h a t  as t h e  
n e x t  series of e v e n t s  i n  t h e  b e g i n n i n g s  of  t h e  u s e  of t h e  S p a c e  
T r a n s p o r t a t i o n  Sys t em o c c u r ,  y o u ' l l  h a v e  had a c h a n c e  t o  h a v e  as  
much background a s  p o s s i b l e .  I s u g g e s t e d  as I came i n  t h a t  as I 
looked around t h e  room t h e r e  were two or t h r e e  people here a t  
l e a s t  who p r o b a b l y  s h o u l d  have  been  asked t o  g i v e  t h e  b r i e f i n g  
s ince  t h e y  write so  a u t h o r i t a t i v e l y  on t h e  s u b j e c t ,  and g e n e r a l l y  
c o r r e c t l y .  What I w i l l  t r y  t o  d o  is g i v e  a g e n e r a l  o v e r v i e w  of 
the S p a c e  T r a n s p o r t a t i o n  Sys tem -- how i t ' s  i n t e n d e d  t o  o p e r a t e  
a n d  why w e  a r e  b u i l d i n g  i t ;  t h e n  John w i l l  go i n t o  c o n s i d e r a b l y  
more d e t a i l ,  p a r t i c u l a r l y  a b o u t  t h e  O r b i t e r ,  t h e  l a u n c h  and  t h e  
l a n d i n g  systems t h e m s e l v e s .  T h e , e m p h a s i s  is t h a t  i n  f a c t  what  w e  
a r e  b u i l d i n g  is a s y s t e m  i n t e n d e d  t o  d o  a c o l l e c t i o n  of t h i n g s .  
Most of t h e  a t t e n t i o n  h a s  f o c u s e d  o n  p a r t i c u l a r  p a r t s  o f  t h e  
s y s t e m  -- m o s t l y  o n  t h e  O r b i t e r .  3 u t  i t  is important  t o  n o t e  
t h a t  i t  is i n t e n d e d  t o  operate as  a c o h e r e n t  c o l l e c t i o n  Of 
ob j ec t s  i n  s p a c e  and o b j e c t s  on t h e  g r o u n d  t o  d o  a set  of t a s k s  
-- i t  is t h e  t o t a l  operat ian of t h e  system which  is t h e  i m p o r t a n t  
t h i n g  t h a t  we have  t o  f o c u s  on .  The i n d i v i d u a l  p r o b l e m s  a n d  t h e  
i n d i v i d u a l  deve lopmen t s  a l l  h a v e  t o  be  v iewed i n  t h e  c o n t e x t  of  
t h e  way i n  w h i c h  t h e y  c o n t r i b u t e  t o  a t o t a l  o p e r a t i o n .  So 1 w i l l  
be a t  l eas t  m e n t i o n i n g  a number of t h i n g s  t h a t  we consider  p a r t  
of t h e  system a l t h o u g h  t h e y  have  n o t  always been  t r e a t e d  t i g h t l y  
t o g e t h e r  as p a r t  of t h e  system. 
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T h e  f i r s t  s l i d e  i n d i c a t e s  some, b u t  a g a i n  n o t  a l l ,  of t h e  
p r i n c i p a l  p i e c e s  t h a t  a re  i n v o l v e d  -- t h e  c e n t r a l  c rewed p i e c e  o f  
t h e  s y s t e m ,  t h e  O r b i t e r  i t s e l f ,  t o g e t h e r  w i t h  t h e  f u e l  t a n k  f o r  
i t s  m a i n  e n g i n e s  and t h e  two s o l i d  rocket  b o o s t e r s  t h a t  c o n s t i -  
t u t e  t h e  l a u n c h  s y s t e m ,  w i t h  t h e  S h u t t l e  e n d i n g  up as t h e  g e n e r a l  
p u r p o s e  s p a c e c r a f t  and t h e  r e e n t r y  and l a n d i n g  v e h i c l e  and o t h e r  
p i e c e s  of t h e  s y s t e m  t5a t  a re  i n t e n d e d  for o t h e r  p u r p o s e s  i n  t h e  
S h u t t l e ;  t h e  s y s t e m  of t h i n g s  which is c a l l e d  S p a c e l a b  b o t h  
manned and uninanned p o r t i o n s  t h a t  f i t  i n t o  t h e  bay o f  t h e  S h u t t l e  
for experimental and d e v e l o p m e n t a l  w o r k ;  t h e  i n e r t i a l  upper 
s t a g e ;  and t h e  s o l i d  s p i n n i n g  upper s t a  es, A and  D, which  are  
t h e  f i r s t  set of upper  s t a g e s  i n t e n d e d  7 or t h e  boost o f  p a y l o a d s  
Erom O r b i t e r  o r b i t s  t o  o t h e r  o r b i t s  i n c l u d i n g  g e o s t a t i o n a r y .  And 
t h e r e  w i l l  b e  l a t e r  i n  t h e  program o t h e r  u p p e r  s tages  which w i l l  
be used  f o r  t h e s e  p u r p o s e s .  These  c o n s t i t u t e  t h e  p r i n c i p a l  
pieces of s p a c e  and l a u n c h  ha rdware  t h a t  go w i t h  t h i s  system. 

T h e  n e x t  p a i r  of slides i n d i c a t e s  some of t h e  o t h e r  p o r t i o n s  
o f  the s y s t e m  -- this i n d i c a t e s  p r i n c i p a l l y  t h e  major U.S. ground  
sites t h a t  a re  i n v o l v e d  i n  t h e  o p e r a t i o n  of t h e  sys t em:  t h e  t w o  
l a u n c h  and l a n d i n g  o p e r a t i o n a l  s i tes ,  Kennedy S p a c e  C e n t e r ,  p r i c -  
c i p a l l y  f o r  e a s t w a r d  l a u n c h e s  and  t o ,  come i n  a t  a l a t e r  d a t e ,  
t h e  Vandenburg A i r  Force Base which w i l l  be  used  p r inc ipa l ly  f o r  
n o r t h - s o u t h  l a u n c h e s  and l a n d i n g s  from t h o s e  o r b i t s ;  and  t h e  
Dryden F l i g h t  Research C e n t e r  c o - l o c a t e d  w i t h  Edwards A i r  Force 
Rase i n  C a l i f o r n i a  which w i l l  be used  as t h e  i n i t i a l  l a n d i n g  b a s e  
f o r  t h e  f i r s t  f l i g h t  or so and  w i l l  c o n t i n u e  t o  be  a n  emergency  
l a n d i n g  base. I t s  a d v a n t a g e ,  of course, is Edwards '  d r y  l a k e b e d  
w r 1 ~ r . 1  p r o v i d e s  a s e v e n - m i l e  l a n d i n g  runway f o r  t h e  f i r s t  test 
f l i g h t s .  The Johnson  S p a c e  C e n t e r  is ,  of c o u r s e ,  t h e  r e s p o n s i b l e  
NASA cen te r  for t h e  system development  and w i l l  be the m i s s i o n  
c o n t r o l  c e n t e r  for NASA f l i g h t s  and  i n i t i a l l y  t h e  s i g h t  of m i s -  
s i o n  cor.tr-ol c e n t e r  f o r  DOD f l i g h t s .  The M a r s h a l l  S p a c e  F l i g h t  
C e n t e r  has t h e  r e s p o n s i b i l i t y  f o r  t h e  p r o p u l s i o n  systems and  w i l l  
f u n c t i o n  d u r i n g  o p e r a t i o n s  p r i n c i p a l l y  as backup  i n  p r o v i d i n g  
i n l o r m a t i o n  and h e l p i n g  w i t h  any anomalies and  p r o b l e m s  w i t h  t h e  
p r o p u l s i o n  s y s t e m s .  The  White  S a n d s  M i s s i l e , R a n g e  l o c a t i o n  is  
t h e  g r o u n d  s t a t i o n  for the T r a c k i n g  and  Data Relay S a t e l l i t e  - 
S y s t e m  (TDRSS) which w i l l  be an e a r l y  p a y l o a d  p u t  u p  by S h u t t l e  
a n d  w h i c h  w i l l  be used for t h e  r e l a y  of d a t a  and communica t ions  
from e s s e n t i a l l y  a l l  of ou r  S h u t t l e - l a u n c h e d  low E a r t h  and h i g h  
E a r t h  p a y l o a d s  and f o r  t h e  S h u t t l e  d a t a  i t s e l f  g r a d u a l l y  replac- 
i n g  t h e  p r i n c i p a l  e l e m e n t s  of t h e  ground s y s t e m ,  t h e  c u r r e n t  
g round  t r a c k i n g  and d a t a  system. So w e  c o n s i d e r  TDRSS as  pa r t  o f  
t h e  overall s h i f t  i n t o  t h e  Space  T r a n s p o r t a t i o n  S y s t e m  and  t h e  
W h i t e  S a n d s  Missile Range is t h u s  a p a r t  o f  t h a t .  I f  I ' v e  go t  
enough s t r i n g  I can come o v e r  h e r e .  

T h i s  n e x t  s l i d e  l is ts  t h e  p r i n c i p a l  e l e m e n t s  some of wh ich  
I ' v e  a l r e a d y  i n d i c a t e d :  t h e  S h u t t l e  system which  is  t h e  O r b i t e r ,  
t h e  t a n k ,  t h e  s o l i d  rocket b o o s t e r ,  t h e  e n g i n e s  which  are i n  t h e  
O r b i t e r  and t h e  v a r i o u s  ground and  l a u n c h  s y s t e m s  t h a t  go w i t h  
i t ;  t h e  upper  staqes of which t h e r e  are  t h r e e  c u r r e n t l y  p r e p a r e d ,  
( t h e r e  w i l l  be f u t u r e  upper  s t a g e s ) ;  S p a c e l a b  which  h a s  t h e  

. -more- 
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pressurized module which may be crewed and pallet segments for 
carrying instruments that can be operated eit3er from the cabin 
of the Orbiter or from the'spacelab crewed rilOdUle; the Tracking 
and Data Relay System and finally, a number of augmentation 
systems that we have begun to develop to build around the initial 
capabilites of the system, both to bring it up to full capability 
and to go beyond that. Two of these involve providing additional 
electric power partly for a longer stay in space and partly for 
increased capability for  experiments and the like. This is a 
particular version of an additional thrust module which would 
give us additional weight-carrying capability. Finally, we're 
looking at other systems involving large structural construction, 
and so on that would embroider around the basic capability to 
give us a more capable system. The next slide please. 

This, of course, shows the 101, the Enterprise, on the 
mobile launch platform on the crawler in launch configuration 
approaching its position on the pad -- again the liquid oxygen- 
liquid hydrogen fuel tank, the solid rocket boosters, the Orbiter 
itself and the main engines, It is to be launched from the mobile 
launch platform as was Apollo. These are, in fact, the Apollo 
launch platforms extensively modified for this purpose. 

milestone schedule and history of the system. The authority to 
proceed started in 1972. We did the assembly and work on Orbiter 
101 and the first captive flight and landing tests in '77 and 
' 7 8 ,  we have been assembling 102 and expect it to roll out in 
November of this year (1980) and expect first manned orbital 
flight by the end of March of next year with an initial opera- 
tional capability after test flights at the end of ' 8 2 ,  with the 
next Orbiters coming in '82, ' 8 3  and ' 8 4  with the first Vanden- 
berg launch to come in ' 8 4 .  So that it will be the end of ' 8 4  or 
the beginning of '85 before we have a l l  of the elements of the 
system -- four orbiters, both launch sites, etc. -- available for 
a full operating system, It will come into being as we can build 
it. That's the outline of the structure of the system. N o w  I'd 
like to go back and talk a little bit about the rationale for the 
system, the objectives and what it is we hope to do. Next slide 
please. 

The next slide gives a recap and a projection of the 1 

This has been the continuing statement of the objective, 
that is to provide a national system for space transportation 
which has features of economy and which, perhaps more import- 
antly, has features of flexibility and capability that we do not 
now have available and have never had available. These objec- 
tives are to be achieved through reusability and reliability, 
through the fact that the system has some characteristics of 

and built around to become more flexible and more capable to 
bring a new case of economic economy and efficiency into an 
operating launch system as opposed to a research and development 
system. This is a general recap of uses most of which I think 
pre familiar. It is a delivery and placement system but 

versatility and flexibility, and a potential for being built on - 

-more- 
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importantly, for the first time, it will be a system capable of 
work on other systems in space, and of retrieval of systems from 
low Earth orbit from space, so that they can be brought back and 
serviced, experimented with and returned to space. It will, of 
course, serve as transit for laboratories and short-duration 
payloads and provide what we think is a sqfe aqd comfortable 
environment for  those who go t o  work in space. The operations 
incorporate many thing$ that we now do exclusively with free 
f l i e r s  unmanned, but the principal point is that we will be able 
to do things now with the intervention of people on the spot in 
an experimental way. We will be able to test and work with 
instruments without necessarily surrounding them with the design 
of a full spacecraft and we will be able t o  test out ideas, we 
hope, when we get operating on a relatively short-term, rela- 
tively economical basis before we go into Unmanned operation. In 
addition, we can, of course, build up the whole set of capabil- 
ities of human operations in space about which we know relati,vely 
little but have lots of ideas. 

Let me continue with this line of discussion with the nsxt 
sLide which essentially discusses the virtues of this kind of 
system. Of course, the first is a reduction in cost and I'll come 
back to a sample comment on that, the flexibility which I've men- 
tioned, this can deal with heavier and larger  pqyloads than we 
have been used to and, because of the fLexibiliky of operation it 
qives 11s an opportunity to do something that we have not been 
a b l e  to do very w e l l ,  if at all, before 1- the capgbility to 
bring up several objects in sequence. Because we have the people 
there to assemble larger complexes in space than we have been 
able wcrk with before as well as to construct things in space and 
those a r e  important new capabilities that will require a good 
d e a l  of experimentation before we really know hQw to use them. 

This (slide) lists some of the items I have already men- 
tioned and the fact that it is a crewed system, that it has 
accommodation for up to seven people means that a good deal of 
work can be done not only by very speciqlly trained people, but 
that people with scientific and engineering specialties were 
needed for those specialties who may have minimal training in 
space operations, and finally a system with enough flexibility so 
that we can build around it and on it for future uses. Some of 
the capabilities include the baseline capability of seven days 
with four people and with the addition of fuel kits, up to 30 
days with up to seven people and making the most of that involves 
some power extension capabilities that I mentioned earlier, 
mission stations for commander or pilot, mission specialist and 
up to four payload specialists. The commander and pilot are self 
explanatory, mission specialist are astronauts who have scien- 
ti f  ic, engineering an3 other technical specialties, will attend 
to the operation ~f the systems and the Systems support, to 
payloads in a generic way and w i l l  also be themselves experi- 
menting scientists and engineers. Pqyload specialists are the 
particular specialists in scientific and engineering fields who 
are needed because their  specialties are likely to go beyond 

-more- 
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c h o s e  t h e  a s t r o n a u t  corps c o u l d  c o n v e n i e n t l y  hayre b u t  would not  
be f u l l y  t r a i n e d  i n  all t h e  c a p a b i l i t i e s  of an s s t r o n a u t  but have 
enough t r a i n i n g  to  s a f e l y  g o  o n  a f l i g h t .  The  p r o v i s i o n s  a r e  
s h i r t s l e e v e  normal  a t m o s p h e r e  w i t h  c o n t r o l l e d  e n v i r o n m e n t ,  good 
food a r r a n g e m e n t ,  general  h y g i e n e  f a c i l i t i e s ,  r e l a t i v e l y  low 
a c c e l e r a t i o n  for t h i s  purpose, t h e  c a p a b i l i t y  for spacesui t  
o p e r a t i o n s  for p a y l o a d  support  and fo r  e m e r g e n c i e s .  So g e n e r a l l y  
as close t o  a n  a i r c r a f t  k i n d  of e n v i r o n m e n t  as seems f e a s i b l e  a t  
t h e  cur ren t  state of t h e  t e c h n o l o g y .  

The  n e x t  s l ide g i v e s  a sample of which t he re  s h o u l d  be a -- 
I t h i n k  we're out  o f  order, b u t  maybe I ' v e  missed s o m e t h i n g .  I 
t h o u g h t  there was a l a u n c h  cost c o m p a r i s o n  coming up n e x t .  Number 
9 ,  t h e r e  t h a t ' s  t h e  o n e  I was e x p e c t i n g .  T h i s  is a sample of  
w h a t  t h e  economics  appears t o  be, w e  have  p u t  i t  i n  '78 dollars 
because w e  have t h e  data  i n  t h a t  way. I t  compares a p a r t i c u l a r  
case, a case of a D e l t a  class payload -- t h a t  is  t h e  k i n d  of 
payload t h a t  c o u l d  be l a u n c h e d  on a Delta e x p e n d a b l e  l a u n c h  
v e h i c l e  -- what i t  costs t o  buy and  do t h e  l a u n c h  on t h a t  v e h i c l e  
i n  ' 7 8  dol la rs ,  what  o u r  p r o j e c t e d  costs f o r  t h a t  payload w i t h  
S h u t t l e  would be,  and t h a t  h a s  a d u a l  c a p a b i l i t y ,  i t  d e p e n d s  some 
what on t h e  way i n  which t h e  payload c a n  be a r r a n g e d  i n  t h e  
p a y l o a d  bay. W e  c h a r g e  by t h e  l e n g t h  of payload bay used or by 
t h e  w e i g h t  used f o r  Delta class p a y l o a d s ,  t h e  g o v e r n i n g  f a c t o r  is  - 
g e n e r a l l y  g o i n g  be  t h e  l e n g t h  of payload bay, so  i t  d e p e n d s  on 
w h e t h e r  t h e  cargo c a n  be put  i n  a v e r t i c a l  p o s i t i o n  where  i t  
t a k e s  minimum l e n g t h  of p a y l o a d  bay or w h e t h e r  i t s  g o t  be 
i n c l i n e d  or l a y e d  down f o r  some r e a s o n  c o n n e c t e d  w i t h  t h e  c a r g o ,  
t h a t  v a r i e s  the cos t  some what .  

MR, HINES: ( B i l l  H i n e s ,  C h i c a g o  Sun-Times)  T h i s  is n o t  t h e  
a ' l l -up  cost o f  a S h u t t l e  l a u n c h ,  b u t  o n l y  t h e  cost  of l a u n c h i n g  
t h e  w e i g h t  c o m p a r a b l e  ... 

DR. FROSCH: T h a t ' s  r i g h t .  T h a t ' s  r i g h t .  Because normally, 
f o r  t hose  who may n o t  have  h e a r d  t h e  q u e s t i o n ,  t h e  p o i n t  was t h a t  
this is n o t  t h e  cos t  of an  a l l - u p  S h u t t l e  l a u n c h  -- t h i s  is what  
i t  w o u l d  cost to  l a u n c h  a payload comparable t o  a Delta  class 
payload. T h a t ' s  correct. And t h a t  is, i n  f a c t ,  how t h e  p r i c i n g  
policy goes u n l e s s  t h e r e  is a special r e a s o n  -- a p a r t i a l  p a y l o a d  
w o u l d  n o t  have t o  pay f o r  e n t i r e  l a u n c h  cost. So t h a t  t h a t  is  a n  
i m p o r t a n t  p o i n t  which  has sometimes b e e n  l e f t  o u t  o f  c o n s i d e r a -  
t i o n  i n  d i s c u s s i n g  t h e  e c o n o m i c s  of t h e  matter t o  t h e  a c t u a l  
customer. 

The  n e x t  s l i d e ,  i f  i t ' s  t h e  r i g h t  o n e ,  g i v e s  a p e r h a p s  
somewhat o v e r - g r a p h i c  comment on t h e  n a t u r e  o f  t h e  s i z e  of t h e  
p a y l o a d  bay which  15 f e e t  i n  diameter by 60 f e e t  l o n g  and  can 

o r b i t  and t h e  picture shows one  of t h o s e  d o u b l e - l e n g t h  t r a i l e r 8  
t h a t  o c c a s i o n a l l y  t e r r i f i e s  m e  on t h e  h ighway.  T h a t ' s  t o  f i x  a 
size which  is c o m p a r a b l e  t o  t h e  cargo s i z e  and  w e i g h t .  

take 65,000 pounds  i n t o  a 150-mi le  g e n e r a l l y  e a s t w a r d  t r e n d i n g  - 
The nex t  s l i d e  -- now's where  I ' d  l i k e  t h e  miss ion  p r o f i l e  

-more- 
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one -- I t h i n k  t h e y ' r e  ou t  of o r d e r ;  see i f  y o u ' v e  g o t  t h e  
m i s s i o n  p r o f i l e  one  f o r  m e .  Okay, t h a n k  you. T h i s  is t o  show 
you w h a t  t h e  t o t a l  m i s s i o n  p r o f i l e  is i n t e n d e d  t o  be  and  w i l l  
serve m e  as a n  i n t r o d u c t i o n - t o  some of  t h e  t h i n g s  J o h n  Y a r d l e y  
w i l l  comment f u r t h e r  a b o u t .  T h e  s y s t e m  is set  up, and  t h i s  is 
done  t e r m s  o f  t h e  Kennedy f low,  and I w i l l  s t a r t  w i t h  p r e l a u n c h ,  
and t h e r e  t h e  o r b i t e r  w i l l  start f rom t h e  O r b i t e r  P r o c e s s i n g  
F a c i l i t y  where i t  h a s  been taken  care o f  a f t e r  i t s  p r e v i o u s  
f l i g h t ,  and readied f o r  a next  f l i g h t .  I t  w i l l  t h e n  h a v e  been 
moved i n t o  t h e  V e h i c l e  Assembly B u i l d i n g  w h e r e  i t  w i l l  h ave  besn 
p u t  i n t o  a v e r t i c a l  posi t ion and ma ted  w i t h  t h e  f u e l  t a n k  and  
w i t h  t h e  s o l i d  rocket b o o s t e r s  o n  t h e  m o b i l e  l a u n c h  pad .  The 
e n t i r e  t h i n g  b e i n g  t h e n  t a k e n  by t h e  crawler o u t  t o  t h e  l a u n c h  
pad. The p a y l o a d s  may have been p u t  i n t o  t h e  c a r g o  bay a t  any  of 
tnese stages,  b u t  can be  p u t  i n t o  t h e  c a r g o  bay a t  t h e  l a u n c h  p a d  
j u s t  p r i o r  t o  l a u n c h .  The f u e l i n g  of t h e  c r y o g e n i c  l i q u i d  f u e l s  
-- t h e  l i q u i d  oxygen and i i q u i 2  hydrogen  -- are done  a t  t h e  
l a u n c h  pad.  I t  is t h e n  l aunched  w i t h  s o l i d  rocket b o o s t e r s  and  
l i q u i d  e n g i n e s  f i r i n g ;  t h e  s o l i d  rocket  b o o s t e r s  are staged and  
d r o p p e d  a f t e r  m i n u t e s  when they a re  burned  out .  They s p l a s h  down 
a c o u p l e  o f  hundred  m i l e s  down r a n g e ,  are p i c k e d  up and  r e t u r n e d  
t o  l a u n c h  s i t e  b e c a u s e  those cases and t h e  h a r d w a r e  t h a t  g o e s  
with them are c l e a n e d  o a t ,  r e f i l l e d  w i t h  p r o p e l l a n t  and  r e u s e d .  
A t  apogee  b u t  b e f o r e  o r b i t  i n s e r t i o n  t h e  o r b i t e r  separates from 
t h e  n e a r l y  empty f u e l  t a n k  and t h e  f u e l  t a n k  which is t h e  one 
complete throw-away e l e m e n t  of h a r d w a r e ,  is t h e n  spun  f a l l s  back 
o n  a t r a j e c t o r y  which whether  t h e  l a u n c h  is east-west or n o r t h -  
s o u t h  e n d s  i t  up i n  t h e  Indian  Ocean. The o r b i t a l  m a n e u v e r i n g  
.system is t h e n  used f o r  o r b i t a l  i n s e r t i o n  and  t h e  o r b i t e r  now 
o p e r a t e s  a9 a s p a c e c r a f t  i n  low E a r t h  o r b i t  u p  t o  s e v e r a l  hundred  
miles a l t i t u d e ,  c a n  change  i n c l i n a t i o n  and o r b i t  w i t h i n  t h e  
l i m i t a t i o n s  o f  i t s  maneuver ing  f u e l ,  and c a n  d o  a whole  series of 
l a u n c h  r e t r i e v a l  and experimental o p e r a t i o n s .  A t  t h e  end of its 
time i n  o r b i t ,  i t  d e - o r b i t s  with a n  o r b i t a l  m a n e u v e r i n g  system 
burn  and t h e n  becomes s u c c e s s i v e l y  a r e e n t r y  v e h i c l e  g o i n g  
t h r o u g h  t h e  p e r i o d  of  h i g h  f r i c t i o n a l  h e a t i n g  which is what  
p r i n c i p a l l y  slows i t  down from i t s  o r b i t a l  v e l o c i t y  and  t h e  
p e r i o d  o f  communications b l a c k o u t  t h a t  g o e s  w i t h  t h a t ;  i t  emerges  
from t h a t  p e r i o d  as  a n  extreme h y p e r s o n i c  g l i d e r  unde r  cont ro l ,  
t h e n  becomes a s u p e r s o n i c  g l i d e r  and  s u b s o n i c  g l i d e r ,  f i n a l l y  
coming i n t o  a t e r m i n a l  p h a s e  and l a n d i n g  o n  a s t a n d a r d  runway. 
The o n e  a t  Kennedy is about d o u b l e  w i d t h  and  l o n g  b u t  i t  c a n  l a n d  
on a s t a n d a r d  i n t e r n a t i o n a l  major class  runway as  a r a t h e r  f a s t  
g l i d e r  of a c o u p l e  hundred  k n o t s  l a n d i n g  s p e e d .  To  f o r e s h a d o w  
one comment ( o n e  t h i n g  t h a t  John  w i l l  d e a l  w i t h  i n  somewhat 
g r e a t e r  d e p t h ) ,  one of t h e  major  c h a l l e n g e s  i n  t h e  system is  t o  
b u i l d  a n  o b j e c t  which can be a l a u n c h  v e h i c l e ,  a crewed space- 
c r a f t ,  a reentry body and t h e n  a g l i d e r  which  w i l l  f u n c t i o n  under  
c o n t r o l  h y p e r s o n i c a l l y ,  supersonicaiiy and s u b s o n i c a l l y .  I t h i n k  
i t  is w o r t h  t h e  conunent t h a t  no f u l l - s c a l e  v e h i c l e  h a s - b e e n  b u i l t  
and f l o w n  t h r o u g h  t h a t  se t  of r e g i m e s .  

This h a s  bees done w i t h  sub-scale m o d e l s  i n  v a r i o u s  r e g i m e s ,  
i t s  been  d o n e  i n  the wind t u n n e l ,  b u t  qo a i r c r a f t  of t h i s  size -- 

-more- 
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i t ' s  a b o u t  t h e  size of a DC-9 -- have  e v e r  beet* o p e r a t e d  t h r o u g a  
t h a t  b r o a d  se t  o f  r e g i m e s .  

Then  we come, f i n a l l y  to  t h e  las t  two s l i ae s  which s i m p l y  
w i l l  note f o r  you t h a t ,  as w i t h  any experimental  s y s t e m ,  w e  w i l l  
be  s t a r t i n g  o u t  w i t h  s o m e t h i n g  less t h a n  our f u l l  c a p a b i l i t y .  
The f i r s t  O r b i t e r  is somewhat h e a v i e r  t h a n  o r i g i n a l l y  p l a n n e d ,  
and  t h e  t a n k s  and s o l i d  rockets are  somewhat h e a v i e r  t h a n  t h e y  
need t o  be w i t h  t h e  e n g i n e s  a t  100 percent power ( w h a t  w e  c a l l  
the f a l l  power l e v e l  as opposed  t o  t h e  r a t e d  power l e v e l )  are 
s l i g h t l y  d e r a t e d  from what w e  e x p e c t e d  o r i g i n a l l y  and  how t h a t  
came t o  be 100 p e r c e n t ,  I d o n ' t  know. Someone h e r e  may know what  
t h e  h i s t o r y  of t h e  100 and  109 p e r c e n t ,  i t  i s n ' t  clear t o  m e  why 
t h e  100 p e r c e n t  i s n ' t  90 ,  n o t  97 percent and  t h e  o t h e r  was 100 
p e r c e n t ,  bu t  a t  any  r a t e  i t  h a s  come o u t  t h a t  way. So w e  s t a r t  
o u t  w i t h  100 percent r a t e d  e n g i n e s .  The f a c t  t h a t  t h e r e  are two 
n u m b e r s  h e r e  m e r e l y  d e s i g n a t e s  t h e  f i r s t  number is t h e  number,  
t h e  percent of power t h a t  w e  would p r o p o s e d  t o  be c e r t i f i e d  t o  
operate t h e  e n g i n e  f o r  t h r o u g h o u t  t h e  l a u n c h ;  t h e  s e c o n d  number 
is t h e  p e r c e n t  of power t h a t  w e  would be c e r t i f i e d  t o  operate t h e  
e n g i n e  f o r  i n  case o f  a n  a b o r t  -- t h a t  is i n  case of some emer- 
gency  t h a t  took spec ia l  e n g i n e  power. So t h e  s i g n i f i c a n c e  of 
t h e s e  is t h a t  w e  w i l l  s t a r t  ou t  w i t h  t h e  eng ines  r a t e d  a t  100  

gency .  We w i l l  t h e n  move up  to a p e r i o d  where  t h e  eng ines  w i l l  
be  r a t e d  for 102  p e r c e n t  f o r  f l i g h t ,  b u t  c e r t i f i e d  t o  t h e  po in t  
w h e r e ,  i f  we had a f l i g h t  emergency  t h a t  required a n  abor t ,  we 
would t h e n  feel c o m f o r t a b l e  w i t h  g o i n g  t o  109 percent f o r  t h a t  
p u r p o s e  and  t h e n  t o  a p e r i o d  l a t e r  where  w e ' l l  g e t  t o  c o n f i d e n c e  
i n  t h e  e n g i n e s  o f  109 p e r c e n t .  The o t h e r  s t e p s  i n  t h i s  increas- 
i n g  p a y l o a d  c a p a b i l i t y  E a s t e r n  T e s t  Range w i t h  t h e  c o n d i t i o n s  
n o t e d  on t h e  c h a r t  and g e n e r a l l y  a n  ea s t e r ly  i n c l i n a t i o n ,  t h e  
s e c o n d  orb i te r  w i l l  be l i g h t e r  t h a n  t h e  f i r s t  o r b i t e r  a n d  
t h e r e f o r e  c a p a b l e  of  a h i g h e r  c a r g o  p a y l o a d .  The e x t e r n a l  t a n k ,  
w e  have  plans t o  remove a c o n s i d e r a b l e  amount  of  w e i g h t  w i t h o u t  
c h a n g i n g  i t s  c a p a b i l i t y ,  t h a t  is a n  i n c r e a s i n g  one .  The f i r s t  
f l i g h t s  have  e j e c t i o n  seats. T h a t  is a w e i g h t  p e n a l t y  which  w i l l  
go away when w e  are t h r o u g h  w i t h  t h e  e a r l y  test f l i g h t s .  T h e r e  
are some improvements  i n  t h e  s o l i d  rocket motors a n d  t h e n  t h e  
l a t e r  o r b i t e r s  w i l l  be s u f f i c i e n t l y  l i g h t e r  s o  t h a t  w e  w i l l  g e t  
t o  t h e  f u l l  c a p a b i l i t y .  

p e r c e n t  -- whether  i t ' s  f o r  s t a n d a r d  l a u n c h  or f o r  a n  emer- ? 

a 

And t h e  last  c h a r t  shows t h e  same k i n d  o f  s t a i r s t e p  b u i l d u p  
f o r  Western T e s t  Range g e n e r a l l y  n o r t h - s o u t h  f l i g h t s ,  same noted 
c o n d i t i o n s  and t h e r e  t h e  p r i n c i p a l  improvements  w i l l  be t h e  
coming i n  of o r b i t e r s  103 and  104,  which  a r e  l i g h t e r  w e i g h t .  
T h e r e ' s  a lso an i n d i c a t i o n  t h e r e  of t h e  k i n d  o f  p e r f o r m a n c e  t h a t  
c o u l d  be a c h i e v e d  t h e r e  on t h e  west coast of t h r u s t  a u g m e n t a t i o n ,  
w h e t h e r  i t ' s  a l i q u i d  boost module  or solid module or e n g i n e  
improvement  would g e t  us beyond t h e  p a y l o a d  requirement. We 
c a n n o t  g e t  t h e  same improvements  on t h e  E a s t  Coast b e c a u s e  we are 
much c l o s e r  a t  t h e  e n d  of t h i s  se t  of improvements  t o  t h e  b a s i c  
w e i g h t - c a r r y i n g  c a p a b i l i t y  of t h e  O r b i t e r  i t s e l f .  I t ' s  n o t  j u s t  
t h e  t o t a l  t h r u s t  w e  c a n  p r o v i d e  t h a t  l i m i t s  t h e  t o t a l  w e i g h t  -- 

.? 
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i t  is what t h e  s t r u c t u r a l  s t r e n y t h  of t h e  O r b i t e r  is i n  c a r r y i n g  
w e i g h t  and t h a t  is i n  t h e  end l i m i t e d  by t h e  amount of w e i g h t  
t h a t  i t  m i g h t  have  t o  carry i f  we b r o u g h t  a p a y l o a d  back so t h a t  
i t  is l i m i t e d  by t h e  t o t a l  c a p a b i l i t y  of t h e  O r b i t e r  t o  l a n d  and  
take  t h e  l a n d i n g  s t resses  w i t h  a g i v e n  w e i g h t  and  t h a t ' s  what  
p u t s  t h e  u l t imate  l i m i t  on w2ight  c a r r y i n g .  A c t u a l l y ,  i t  t u r n s  
o u t ,  i f  one looks a t  t h e  m a n i f e s t  t h a t  w e  have ,  w e  are i n  many 
moze cases volume l i m i t e d  than  w e i g h t  l i m i t e d .  Most of t h e  time 
i t  is  f i t t i n g  i n  t h e  v a r i o u s  p a c k a g e s  t h a t  l i m i t s  what  you c a n  do 
o n  a p a r t i c u l a r  flight r a t h e r  t h a n  t o t a l  a l l - u p  w e i g h t .  T h e r e  
are a few cases of W D  p a y l o a d s  and  of NASA, p a r t i c u l a r l y  
p l a n e t a r y  e x p l o r a t i o n  p a y l o a d s ,  t h a t  r e a l l y  p u s h  t h e  w e i g h t -  
c a r r y i n g  c a p a b i l i t y ,  b u t  most  of t h e  time i t  is l i k e l y  t o  b e  
s p a c e  r a t h e r  t h a n  w e i g h t  which is  l i m i t i n g .  

make. I n  summary, i t  is a sys t em r a t h e r  t h a n  i n d i v i d u a l  p a r t s  
t h a t  o u g h t  t o  be c o n c e n t r a t e d  o n ;  t h e  d r i v e  i s  f o r  f l e x i b i l i t y  
and a s y s t e m  t h a t  w e  can b u i l d  upon, as well as for  economic  use 
i n  d o i n g  t h e  t h i n g s  w e  c a n  a l r e a d y  do and i t  is, as I t h i n k  I ' v e  
i n d i c a t e d ,  a r a t h e r  complex system and w e  hope  t o  g i v e  you a 
clearer i d e a  of what t h e  v a r i o u s  p a r t s ,  c o m p l e x i t i e s  a n d  
d i f f i c u l t i e s  are i n  t h e  cwrse  of  t h i s  gqd f u r t h e r  b r i e f i n g s .  
with t h a t  I w i l l  t u r n  t h i s  over  t o  J o h n  Y a r d l e y  t o  g o  i n t o  more 
d e t a i i .  

Those  are t h e  p r i n c i p a l  i n t r o d u c t o r y  p o i n t s  t h a t  I wanted  t o  

MR. YARDLEY: I hope everybody u n d e r s t o o d  D r .  F r o s c h  when he 
saiC crewed;  he  meant c-r-e-w-e-d -- I d o n ' t  l i k e  him c a l l i n g  my 
S h u t t l e  c r u d e ,  c-r-u-d-e;  ( L a u g h t e r )  F i r s t  c h a r t  please. I n  
tire i e n g t h  o f  t i m e  w e  h a v e  I c e r t a i n l y  c a n ' t  g o  i n t o  a l o t  o f  
d e t a i i  on  t h e  t e c h n i c a l . .  . . t e c h n o l o g i c a l  i n n o v a t i o n s  of t h e  
S h u t t l e ,  b u t  I w a n t  t o  show you some i k l u s t r a t i o n s  and  you w i l l  
be g e t t i n g  more d e t a i l  i n  s u b s e q u e n t  b r i e f i n g s  a t  t h e  c e n t e r s .  
F i r s t  of all, t h e  i n t r o d u c t i o n  t o  t h e  S h u t t l e  v e h i c l e ,  D r .  F r o s c h  
h a s  done a p r e t t y  good job of m e n t i o n i n g  what  t h e  major e l e m e n t s  
a r e ;  I: t hough  w e  o u g h t  to  c a l l  o u t  some of t h e  major 
c o n t r a c t o r s :  Rocke tdyne  on  the e n g i n e ,  R o c k w e l l  on t h e  o r b i t e r ,  
M a r t i n  on t h e  t a n k ,  and T h i o k o l  on t h e  b o o s t e r ,  or a c t u a l l y  
motors. The c h a r t  on t h e  r i g h t  shows a p i c tu re  of O r b i t e r  102  i n  
t h e  O r b i t e r  P r o c e s s i n g  F a c i l i t y  a t  Kennedy, s h o r t l y  a f t e r  i t s  
a r r i v a l ,  which was o v e r  a y e a r  a g o ,  i ts  -- we're u s i n g  t h i s  
p i c t u r e  b e c a u s e  i t ' s  one of t h e  p i c t u r e s  we've g o t  w i t h o u t  a l l  
t h e  w o r k s t a n d s  a r o u n d  i t ,  so you can see s o m e t h i n g .  N e x t  c h a r t  
please.  

L e a d i n g  o f f  w i t h  t h e  s t r u c t u r e  o f  t h e  o r b i t e r  j u s t  t o  g i v e  
you a feel f o r  some of t h e  t h i n g s  t h a t  a re  d i f f e r e n t  a b o u t  t h i s  
mach ine  and t h a t  were f e l t  n e c e s s a r y  t o  d o  t h i s  m i s s i o n ,  w e  see 
t h i n g s  l i k e  t i t a n i u m / b o r o n ,  c o m p o s i t e  t h r u s t  s t r u c t ~ r e s  which are 
l i g h t  b u t  a r e  p s h i n g  t h e  s t a t e  of t h e  a r t .  In g e n e r a l ,  t hough  
t h e  s t r u c t u r e  W ~ S  c h o s e n  f o r  its s i m p l i c i t y ;  i t ' s  a l u m i n u m  
b e c a u s e  t h a t ' s  l !ght .  W e  d e c i d e d  e a r l y  on t h a t  w e  had t o  
i n s u l a t e  t h e  s t r u c t u r e  whether  i t  was alumnium or  t i t a n i u m  o r  
s t e e l  because the t e m p e r a t u r e s  w e  were g o i n g  t o  see were way too 
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h i g h .  So i t  t u r n s  o u t  t h a t  under  t h o s e  cond iz fo ;? s  aluminum, i t s  
e a s y  t o  work and cheap ,  was t h e  most economical r l s o  w e i g h t  
wise. W e  used a l o t  of c o m p o s i t e s  i n  o t h e r  p l a c e s ,  w h i c h  I ' l l  
t o u c h  on i n  some of t h e  more d e t a i l e d  c h a r t s ,  N e x t  c h a r t  p l e a s e .  

Pay load  bay d o o r s  are v e r y  l a r g e  as you can see -- t h e y ' r e  
c o v e r i n g  u p  those t w i n  t r a i l e r s  of Dr. F r o s c h ' s .  These  are v e r y  
l i g h t  also. These  doors ,  of c o u r s e ,  have  to  open and close 
r e l i a b l y ,  but  more t h a n  t h a t  t h e y  carry t h e  t o r q u e  o f  t h e  
f u s e l a g e  s t r u c t u r e .  They are d e s i g n e d  so t h e y  w i l l  n o t  p i c k  up 
t h e  bend ing ,  b u t  w i t h o u t  t h e  d o o r s  carrying t h e  t o r q u e  w e  have  a 
v e r y  f l i m s y  f u s e l a g e .  These  doors are g r a p h i t e  epoxy and ,  I 
t h i n k ,  t h e y ' r e  t h e  l a r g e s t  p i e c e s  of  s t ruc ture  e v e r  b u i l t  o u t  of 
g r a p h i t e  epoxy. SO t h e y  s a v e  u s  about  900 pounds ,  i t  would have  
been abou t  3,000 pounds,  w i t h o u t  t h i s ,  w i t h  t h e  a l u m i n u m  d e s i g n  
w e  had o r i g i n a l l y .  The doors are s p l i t  i n t o  f i v e  s e c t i o n s  e a c h ,  
and have  s l i p  j o i n t s  between them so t h a t  t h e y  c a n '  t c a r r y  e i t h e r  
t h e  b e n d i n g  l o a d s  or b u i l d  up  t h e r m a l  stresses i n  t h e m s e l v e s .  
Nex t  char ts  p l e a s e .  ( I n a u d i b l e )  Oh, h e r e ' s  a picture  of t h e  
door, yeah .  One section of t h e  p a y l o a d  bay d o o r  i n  t h e  t e s t  
p i c t u r e .  N e x t  char t  p l e a s e .  

N o w  I'm s u r e  most of you have  h e a r d  of  t h e  t h e r m a l  protec- 
t i o n  sys t em.  I t  is, I ' d  have  to s a y ,  a l l  new i n  terms of h a v i n g  
e v e r  been used i n  a f l i g h t  a r t i c l e ,  e i t h e r  t h i s  p a r t i c u l a r  one or 
this t y p e .  I n  p r e v i o u s  programs where  w e  had r e e n t r y  require- 
m e n t s  w e  u s e d  e i t h e r  heat s i n k s  or ablators .  Nobody had r e a l l y  
i n v e n t e d  a t y p e  of i n s u l a t i o n  t h a t  c o u l d  do t h e  j o b .  Some p e o p l e  
q u e s t i o n  whether  we have  i n v e n t e d  i t  yet, t o o ,  because w e  had a 
lot o f  problems w i t h  i t .  The  need f o r  t h i s  though is e v i d e n t ,  
o b v i o u s  because w e  w a n t  t o  reuse and you c a n ' t  reuse a n  
a b l a t o r .  An a b l a t o r  b u r n s  up  as  i t  pro tec ts  you,  so you have  t o  
r e p l a c e  i t .  Well t h i s  is a large v e h i c l e  and r e p l a c i n g  its h e a t  
p r o t e c t i o n  e v e r y  f l i g h t  would have  been  unworkable  w i t h  respect 
LO an o p e r a t i o n a l  v e h i c l e .  So w e  came up w i t h  v a r i o u s  ways of 
s o l v i n g  t h i s  problem which are new and which we've been  i n  e i g h t  
y e a r s  of  development  and which w e  t h i n k  now we 've  g o t  w e l l  under  
c o n t r o l .  On the  h o t t e s t  p a r t s ,  t h a t  is t h e  wing l e a d i n g  e d g e  and 
t h e  nose  cap, w e  u s e  what w e  c a l l  c a r b o n  c a r b o n .  I t ' s  p y r o l i z e d  
carbon and t h e  b i g  problem w i t h  t h a t  was to  ge t  i t  so i t  would 
not o x i d i z e  too r a p i d l y .  Vought h a s  d e v e l o p e d  t h a t  f o r  US. I t ' s  
been  f u l l y  q u a l i f i e d ;  we've had v e r y  l i t t l e  problems w i t h  it. 
R i g h t  now w e  t h i n k  we've got somewhere between a 40 and 50 f l i g h t  
c a p a b i l i t y  o n  t h o s e  p a r t s .  W e  were s h o o t i n g  f o r  a 100 ,  b u t  i t  
looks like t h a t ' s  n o t  q u i t e  a t  t h e  s t a t e  of  t h e  a r t  y e t .  The 
o n e s  we've been h a v i n g  more t roub le  w i t h  are  t h e  t i l es ,  which are  
m a n u f a c t u r e d  by Lockheed -- and I d o n ' t  w a n t  t o  i n f e r  t h a t  
Lockheed is a problem here -- because i t ' s  r e a l l y  been  t h e  t i l e  
as sembly  and i n s t a l l a t i o n  t h a t ' s  been our p r i m a r y  problem i n  t h e  
l a s t  y e a r  or two. The  t i les  have  been okay.  These are v e r y  
l i g h t  -- n i n e  pounds per c u b i c  foot. Your a v e r a g e  t i l e  we ighs  
less t h a n  h a l f  a pound, They are v e r y  good i n s u l a t o r s  and  w e  
have developed  c o a t i n g s  t h a t  w i l l  l e t  them w i t h s t a n d  t h e  surface 
t e m p e r a t u r e  of 2 ,600 d e g r e e s ,  and on t h e  h e a v i e r  t i l es  t h e s e  are  
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2 , 8 0 0 ,  and keep t h e  s t r u c t u r e ,  t h e  alumnimum s t ruc tu re  under -  
n e a t h ,  below 350 d e g r e e s .  So on t h e  t h e r m a l  s i d e  t h e y ' r e  v e r y  
good. They do  have  some u n d e s i r a b l e  c h a r a c t e r i s t i c s .  They a re  
c e r a m i c  and v e r y  b r i t t l e  and a r e  n o t  v e r y  s t r o n g  and t h e  
deve lopmen t  of a n  i n s t a l l a t i o n  s y s t e m  -- c o u l d  I h a v e  t h e  n e x t  
s l i d e  please -- t o  s o l v e  t h a t  p rob lem h a s  been  q u i t e  l a b o r i o u s .  

T h i s  shows a n  i i l u s t r a t i o n  of how w e  a t t a c h  a t i l e .  W e  
a c t u a l l y  have  t o  t r e a t  t h e  i n n e r  s u r f a c e  o f  t h e  t i l e  w i t h  a pro- 
cess t h a t  makes i t  much s t r o n g e r  a t  t h e  i n n e r  s u r f a c e  which w e  
c a l l  d e n s i f i c a t i o n .  W e  have d i f f e r e n t  coats of RTV; w e  have  a 
Eelt u n d e r n e a t h  t h e r e  c a l l e d  Nomex, and d i f f e r e n t  a d h e s i v e s  a n d  
p r i m e r s  u n d e r  t h a t .  Now a l l  of t h e s e  s teps  have  t o  be  v e r y  
c a r e f u l l y  c o n t r o l l e d  b e c a u s e  t h e  s t r e n g t h  of t h e  t i l e  is v e r y  
i m p o r t a n t  to u s .  I f  a t i l e  comes l o o s e  i t  c o u l d  be a bad day .  
So w e ' r e  t a k i n g  e x t r e m e  p r e c a u t i o n s  to  m a k e  s u r e  no  t i l es  come 
loose. We're p r o o f - t e s t i n g  every  t i l e ,  every j o i n t  t o  loads 
w h i c h  a r e  q u i t e  c o n s e r v a t i v e  t o  m a k e  su re  t h a t  t h e s e  t i l e s  a re  
a d e q u a t e .  We f e e l  t h a t  we ' re  o v e r  t h e  h i l l  on t h i s  and  we expect 
t o  have  all t h e  t i l e s  on by mid-November. 

N o w  i n  a d d i t i o n  t o  t h e  -- c o u l d  1 have  t h e  c h a r t  on t h e  
r i g h t ,  t h e  p r e v i o u s  one back f o r  a m i n u t e  please. I n  a d d i t i o n  t o  
the b l a c k  h i g h - t e m p e r a t u r e  tiles, w e  u s e  t h e  same t i l es  o n l y  w i t h  
a w h i t e  c o a t i n g  on them, t h e s e  are g e n e r a l l y  t h i n n e r  and  w e  u s e  
those i n  lower t e m p e r a t u r e  r e g i o n s .  G e n e r a l l y  y o u ' l l  see them 
w h e r e  i t  s a y s  LRSI, a l o n g  t h e  s i d e s  and  on t h e  s i d e s  o f  t h e  f i n ,  
p l a c e s  t h a t  d o n ' t  g e t  o v e r  1 , 2 0 0  d e g r 2 e s .  The r e a s o n  w e  m a k e  
t h e n  w n i t e  is t h a t ' s  a b e t t e r  t h e r m a l  c h a r a c t e r i s t i c  i n  o r b i t .  
T h e  black is n e c e s s a r y  f o r  emittance d u r i n g  e n t r y  where  t h e  
t e m p e r a t u r e s  a re  q u i t e  h i g h .  B u t  t h e s e  t i l es  s t i l l  have  t h e  same 
problems as t h e  black t i l e s  i n  terms of tne i r  l i m i t e d  s t r e n g t h ,  
t h e i r  ceramic b r i t t l e  c h a r a c t e r  and t h e y  have  t o  be  t r e a t e d  
e s s e n t i a l l y  t h e  same way. The d i f f e r e n c e  is, one  o f  t h e s e  t i l e s  
coming o f f  is n o t  f e l t  t o  be a r ea l  c a t o s t r o p h i c  type o f  
o c c u r r e n c e  i f  you have  some r e p a i r s  t o  m a k e .  Then i n  lower 
t e m p e r a t u r e  r e g i o n s ,  below 800 ,  we f i n d  t h a t  f e l t  t h a t  we p u t  
u n d e r n e a t h  t h e s e  o t h e r  t i les  is a d e q u a t e  i n  i t s e l f  w i t h  t h e  
p r o p e r  w h i t e  RTV c o a t i n g  on i t ,  t o  w i t h s t a n d  t h e ,  to  in su la t e  t h e  
s t r u c t u r e  and keep i t  below 300 degrees. And t h a t ' s  what  you see 
o n  the top of t h e  p a y l o a d  bay d o o r  and  on t h e  s i d e  o f  t h e  OMS pod 
o n  t h e  rear s i d e  of t h e  o r b i t e r .  N e x t  s l ides  please.  

I 
I 

Okay, g o i n g  o n  i n t o  a n o t h e r  of  our s u b s y s t e m s ,  t h e  o r b i t a l  
m a n e u v e r i n g  s y s t e m ,  b a s i c a l l y  t h i s  is a r e u s a b l e  p r o p u l s i o n  
s y s t e m  i n  i t s e l f  t h a t  is good f o r  a 1 0 0 - m i s s i o n  l i f e ,  r e u s a b l e .  
T h e r e  are a few i n n o v a t i v e  t h i n g s  in t h i s  and  I ' d  l i k e  t o  c a l l  t o  
y o u r  a t t e n t i o n .  I n  t h e  engine t h e y ' v e  d e v e l o p e d  a new p l a t e l e t  
c o n c e p t  of b u i l d i n g  t h e  i n j e c t o r  which  g i v e s  u s  h i g h  p e r f o r m a n c e  
a n d  ease o f  f a b r i c a t i o n  and  good t o l e r a n c e  c o n t r o l .  You m i g h t  
s a y  i t s  a n a l o g o u s  t o  p r i n t e d  c i r cu i t s  and  ejectors. They 
d e v e l o p e d  acoust ic  c a v i t i e s  to c o n t r o l  t h e  c o m b u s t i o n  s t a b i l i t y  
a n d  were  a b l e  t o  g e t  by w i t h o u t  baffles. And t h e y ' r e  r e g e n e r a -  
t i v e l y  c o o l i n g  t h e  t h r u s t  chamber wnich is  n o t  a n y t h i n g  r ea l  
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cew. Es'ow on che GMS s c r t i c t u r e ,  =he  pod i t s e l f  the C ' L ~ - C L ~ L C  I 

a l s o  g r a p h i t e  epoxy and t h a t ' s  s a v e d  a b o u t  SOU ?oc?nZs. 3r.e ;IC.+ 

i n n o v a t i o n  f o r  NASA is t h e  u s e  of a c q u i s i t i o n  screens  l r .  cid: 

p r o p e l l a n t  t a n k s  o n  orbit. P r e v i o u s l y ,  we 've always d s m  
b l a d d e r s  f o r  the zero-G opera t ions  of our p r o p u l s i o n  s y s t e n s .  
B i a d d e r s  have a l o t  of d rawbacks .  We've n e v e r  r e a l l y  go t r ec  
b l a d d e r s  t h a t  c o u l d  s t a n d  more t h a n  a few c y c i e s ,  so  i t  w a d l d  
have  been a maincenance  problem. So t h i s  is  pus'nincj t h e  . 3 ; ~ ; ?  of 
the a r t ;  a l l  of our t a n k s  have  t h e s e  k i n d s  of s c r e e n s .  They  a~ze 
screens t h a t  are f i n e  mesh screens t h a t  when t h e y ' r e  wec tk:J 
w i l l  l e t  f i u i a  p a s s  t h r o u g h  them b u t  n o t  l e t  t h e  p r e s s a r e  an3 cjas 
pass t h r o u g h  them. And t h e y  e s s e n t i a l l y  co l lec t  and feea zero-G 
t h r o u g h  s u r f a c e  t e n s i o n  phenomena, col lect  and  f e e d  t h e  f e e d  l i n e  
o u t  of t h e  tank .  T h e y ' r e  a r r a n g e  i n  v a r i o u s  f a s h i o n s  d e 2 e n d i n g  
on t h e  t a n k  geometry .  some of  t h e  v i t a l  s ta t i s t ics  here ,  w e  d o  
have  a 6,000-pound t h r u s t  on  t h e  OMS e n g i n e .  I t  n o r m a l l y  wi;: 
be, w e l l  i ts  f e l t  t o  be ,  t h e  c a p a b i l i t y  is n o r m a l l y  a b o u t  1 , 0 0 0  
f e e t  p e r  second.  W e  had i n  t h e  program, b u t  n o t  comple t ed  yet, 
w h a t  w e  c a l l  p a y l o a d  bay k i t s  which are a d d i t i o n a l  OMS t a n k a g e  
tnat w e  can p u t  i n  t h e  p a y l o a d  bay and f e e d  tne s y s t e m  S G  tnat 
this can g o  a s  h i g h  a s  2,500 f e e t  per s e c o n d  for a l o t  of o r b i t L i  
a a n e u v e r i n g  c a p a b i l i t y  i f  you so d e s i r e .  O u r  f i r s t  p l a n n e d  Jsage 
~f that c a p a b i l i t y  w i l l  be t o  b o o s t  t h e  S p a c e  T e l e s c o p e  t o  i t s  
o p e r a t i n g  o r b i t .  Nex t  c h a r t  p l e a s e .  

Ano the r  i t e m  t h a t ' s  new t h a t  w e  have  t o  depend o n ,  the l i f e  
and  d e a t h  dependency t h a t  h a s  n e v e r  r e a l l y  been  used i n  t h a t  
f a s h i o n  b e f o r e ,  and  t h a t  is t h e  h y d r a z i n e  a u x i l i a r y  power G a i t .  
W e  power o u r  control  s u r f a c e s ,  our e n g i n e s  g i m b a l l i n g ,  e n g i n e  
v a l v e s ,  t h e  l a n d i n g  g e a r  and s o  f o r t h ,  w i t h  h y d r a u l i c  power.  N o w  
a i r p l a n e s ,  of course,  have  used h y d r a u l i c  power f o r  y e a r s  and 
t h a t ' s  p r e t t y  w e l l - d e v e l o p e d  t e c h n o l o g y .  They d r i v e  them f ron  
e n g i n e - d r i v e n  pumps and u n f o r t u n a t e l y ,  d u r i n g  our e n t r y ,  which is  
a major r e q u i r e m e n t ,  w e  d o n ' t  have  any  e n g i n e s  g o i n g .  So w e  h a v e  
t o  p u t  e n g i n e s  i n  which are t h e s e  a u x i l i a r y  power u n i t s  t o  d r i v e  
h y d r a u l i c  pumps. T h i s  h a s  been  q u i t e  a d e v e l o p m e n t .  We have  now 
q u a l i f i e d  our  A P U s  f o r  a b o u t  20 h o u r s  of  o p e r a t i o n .  T h a t  w i l l  
g e t  you  maybe 15 t o  20 f l i g h t s ,  b u t  w e  r e a l l y  are  h o p i n g  t o  d o  
S e t t e r .  I t ' s  f a i r l y  e f f i c i e n t  i n  terms of w e i g h t  -- i t  d e v e l o p s  
a b o u t  150 horsepower  f o r  a 92-pound w e i g h t .  I t ' s  c o o l e d  by t h e  
gas g e n e r a t o r  e x h a u s t ,  t h e  g a s  g e n e r a t o r  is  c o o l e d  by t h e  t u r b i n e  
e x h a u s t ,  which is an  u n u s u a l  way t o  d o  i t .  Zero-G g r a v i t y ,  z e r o -  
G loop s y s t e m  was n e c e s s a r y  t o  d e v e l o p  b e c a u s e  o b v i o u s l y  i t  w o r k s  
i n  zero-G, for t h e  ear ly  p a r t  of e n t r y  a t  least. 
Y O U  can see we c a r r y  t h r e e  of them, w e  h a v e  t h r e e  h y d r a u l i c  s y s -  
tems, t h e  u n i t  is shown h e r e  close-up and  w e  have  t h r e e  on t h e  
a f t  s i d e  o f  t h e  p a y l o a d  bay rear b u l k h e a d .  N e x t  s l i d e  please. 

The m a i n  p r o p u l s i o n  system is a n o t h e r  one t h a t  h a s  
r e p r e s e n t e d  q u i t e  a c h a l l e n g e  f o r  a number o f  reasons. T h i s  - 
s l i d e  shows i t  s o r t  o f  as a l u m p  i n  t h e  a f t  f u s e l a g e .  The w h o l e  
o r b i t e r  a f t  f u s e l a g e  is almost d e d i c a t e d  t o  t h e  p lumbing ,  v a l v i n g  
and so on. T h e  t h r e e  major l i q u i d  e n g i n e s ,  and  t h i s  l i t t l e  
s c h e m a t i c  shows t h a t  t h e s e  t h r e e  e n g i n e s  t h r o u g h  t h e  p lumbing  i n  

-more- 
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piease - -  t h a t  had  to be s o l v e d .  Sone of c:-e rrew L ~ L A ? ~ ; S , .  tne 
encjirie  i c r - l e l f  was hy Ear t h e  ?.arsest teckt-ical  I . .  ctia?.ien+ci I n  t h e  
p r v p u l . s i o n  sys t en :  and r a n k s  r i g h t  c,s thczze w l c h  t:?e 32s ir. terms 
of d i f f i c u l t y  and advancement  1il t k . e  state a5 cne a r t .  Long life 
d n ( j  r e u s a b i l i t y  is d reqi:ireirIer,t t h a t  l?o l i q ~ i d  rocket e r S 9 i n e  h a s  
e v c - r  natl to have b e € o r e .  I f  y o u  w e z e  s u r e  t? ,ey'd last f ~ :  c'ne 
one f i i g h t  t h a t  was gooti er.oush. We have s e t  LS 3 taarGet of 55 
f i ig t - .cs  for  t h e  basic e1;gir.e. T h r o t t l i n g  i s  ;nocher ane t h a t  has. 
not been done ,  not been commo:: a t  l e a s t ,  i n  ;r,a,or r o c k e z  engines. 
de a s o  need -- well l e c  m e  answer Dr. Fros t t i ' s  question a b o u t  
h o w  I : id  i t  g e t  t o  oe io!) percen t .  O r i g i n a l i y  ::?is angine was 
c;.i(;ti*.hL co be deveLopec ?o r  a io0 perce;.c . - .oc,-L~~ GperatiGi: an5 
L;; '>  ? e r c e n t  a b o r t .  Anc t h e  f i r s t  y*cz sr sa of e n c j i n e  d2velop-  

i i w r - i ~  w e n t  t h a t  way and :hey found out t h a t  a s  they were boi f ig  
c i i a t ,  w e l l ,  t h e y  were  r e a l l y  designing eve ry . ch ing  ?or 109 
anyhow. About t h a t  t i m e  t h e  pcogr8;TI w e i g h t  w a s  rrot + i t e  l i k s  
t n e y ' d  i i k e  it, so  t h e y  decided the:? woclld j u s :  maks it C . O O ~  f G i  
c h e  f u l l  power l e v e l  f o u  che full t ixe .  SO t k t ' s  tlGw ii- (JG: 
c h a t  w.3y and i t ' s  b e e n  t h a t  way Lbaut seve.;? c r  t ? i ~ k c .  yd:=z::, 
? h e  !:ignif i c a n c e  only nas, the ciffcrsrrce 'setveer: these jss,  :-ids 

s i c j n i f i c a n c e  i n  t h e  fact t h a t  t h a s ?  wsre ci ~ 0 ~ 2 1 2  ~f Icvels. SGL 
c : c . j k i . i f b  have made t h i s  110 o r  so  fort'il. We kave  ta t ; i r G t t l e  I C  down 
K C J  ar jout  6 5  p e r c e n t  i n  o rde r  LG kee? oilz i;..issio.rl L .  .~raf;:e~, Gs arid 
t:ynax+ic p r e s s u r e s  under  c o n t r o l  -- r h z k ' s  a r s q d i i z i z e n t  ~ A a c  
. - A ~ ~ .  : - w n  u s u a l  f o r  liquid rocket e q i z e s .  
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c - .  Now one of :?.e zhings that we d i d  on tnis e . n y l  .e, . L L  

a save weighc  and to g e t  the h i g h  s p e c i f i c  i m p u l s e ,  we k A , e L A  M Z U L  n't' 

C a l i  a s t age  c o n b h s t i o n  o r  a c iosed  cycle opera t i can .  .An; l e L  rr,e 
j u s t  s a y  I n  ve:y simple terms what t h a t  m e a n s .  W e  ;iuvt? 3 hy~. :a -  
gen pump t h a t  takes t h e  hydrogen  from t h e  t a n k  and pressdrizes 1: 
t o  f e e d  i n t o  the combus t ion  chamber s n d  w e  hdve an OxygeiI p m p  
t h a t  d o e s  t h a t .  N o w  p r e v i o u s l y  most r o c k e t  e n g i n e s  hail a ,  h a d  
a n o t h e r  combust ion  chamber which  was b u r n i n g  some of tne propei -  
l a n t s  to  d r i v e  t u r b l ? e s  t o  f e e d  t h e  c o m b u s t i o n  chamber and t h e y  
dumped e x h a u s t  o v e r b o a r d .  The e x h a u s t  f rom t h a t  k u r b i n e .  Here 
w e  a c t u a l l y  p u t  our c o m b u s t i o n  chambers  as p a r t  of t h e  e n g i n e .  
W e  b u r n  a p re -burne r  h e r e  on t h e  hydrogen  pump and a pre-bc l rnsr  
o n  t h e  oxygen pump which are c o n t r o l l e d  s e p a r a t e l y  t o  v a r y  m i x -  
t u r e  r a t i o  and t h r u s t .  W e  t h e n  t a k e  t h e  e x h a u s t  g a s e s  from t h i s  
p r c - b u r n e r  and f e e d  them i n t o  t h e  main  b u r n e r  and w e  burn i t  a l l .  
E v e r y t h i n g  t h a t  comes o u t  of t h e  e n g i n e  comes o u t  as t h r u s t  and 
t h a t  m a k e s  a s i g n i € i c a n t  improvement  i n  s p e c i f i c  i m p u l s e ;  i t  a l s o  
zakes t h e  e n g i n e  a compact, l i g h t  system. Y o u  d o n ' t  h a v e  l o n g  
p idmbing  r u n s  and so on.  We o p e r a t e  i n t e r n a l l y  i n  t h i . 5  e n g i n e  u;, 
t o  7,800 pounds per s q u a r e  i n c h ,  and  t h a t ' s  a p r e t t y  h i q h  pres-  
s u r e .  The temperatures g e n e r a l l y  a r e  a n o t h e r  s o u r c e  of problem 
- -  w e ' r e  fo r  o p e r a t i n g  a t  h i g h e r  temperatures t h a n  mast p e o p l e  
d i d  i n  t h e  pqstp c o n s i d e r a b l y  h i g h e r  t h a n  say  a i r p l a n e  gas t u r -  
c ines .  H e r e ' s  y o u r  t u r b i n e  section, i t ' s  d r i v e n  by t h e  f i r e  i n  
che combus t ion  chamber h e r e .  We r u n  i n  t h i s  t u r b i n e  a b o u t  1 7 ,  1.5 
or 17 hundred degrees R a n k i n e  and  t h i s  t u r b i n e ,  we're a b o u t  18500 
degrees Xiankine. N o w  the materials t o  t a k e  t h a t  a r e  i n  good 
s c r e n g c h ,  are n o t  too p l e n t i f u l .  We've had problems with o u r  
t a r h i n e  blades.  B e c a u s e  t h e y  are s u c h  a tough  e n v i r o n n e , i t  t o  
s e e ,  our t t i r b i n e  b l a d e  l i f e  is  a r o u n d  5 ,000  seconds b u t  we 
;nsgecrr f o r  e a c h  r u n ,  each f l i g h t  and r e p l a c e  t h e  blades a t  any  
s'igr. 05 a crack. So t h a t  problem's under  c o n t r o l ;  it's one we 'd  
l i k e  t o  improve. N e x t  c h a r t  please.  

Tr,e nain c o m b u s t i o n  chamber took some techi:o! agical .  i n n o v a -  
t i o n  too. Ne have  a h i g h e r  h e a t  f l u x  by a f a c t o r  o f  5 t c s  1 S  t h a n  
.;:est l o w - p r e s s u r e  e n g i n e s  and t h i s  r e q u i r e d  a u n i q u e  c o o l i n g  sys-  
zem whLch we evolved by g e t t i n g  a good c o n d u c t i v i t y  by e l e c t r o -  
p;.3tI;.,g. The l a s t  o p e r a t i o n  made up t h e  tubes  which a re  a c t u a l l y  
;;cG.chinea ir, t2.e w a i l  of t h e  chamber .  The chamber is n o t  h i q h  Z 
2nd then w e  e l e c t r o p l a t e  t o  close t h a t  o u t  and t h a t  g i v e s  good 
c o o l i z 5  and Sood s t r e n g t h  t o  i t .  And we've had q u i t e  a good d e a i  
of sI;ccess wich t h a t .  N e x t  s l i d e  please. 

Tide h i g h  chanber p r e s s u r e  I m e n t i o n e d  e a r l i e r  t h a t  w e  
o p e r a t e  at t h r e e  to f o u r  times t h a t  of a n y  o t h e r  e n g i n e  and t h z t  
d s e s  p r o v i d e  for  good ISP too, and d o e s ,  of c o u r s e ,  requi re  h i g h -  
c e m w r a t u r e  inaterials -- we have  p r e s s u r e s  as h i g h  as 7,500. 
T h i s  is k i n d  of  i n t e r e s t i z g ,  t h e  h o r s e p o w e r  we d e v e l o p e d  i n  
d e v e l o p i n g  one of these pumps -- t h a t ' s  f u e l  turbopump wb8ich  is 
t h e  h i g h e s t  powered one -- is a b o u t  62 ,000  hor sepower  and  w e i g h s  
700 pounds and c h a t ' s  a d e n s i t y  of 8 8  h o r s e p o w e r  p e r  pound w h i c h  
is p r e t t y  f a n t a s t i c .  G e n e  C o v e r t ,  who's a proEessor  a t  MTT, h a s  
been working  w i t h  u s  on t h i s  e n g i n e  for a few y e a r s .  I l e  likes t o  

- 
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call t h i s  t h r e e  707s i n  a garbage  can or s o m e t h i n g  l i k e  t h a t  
b e c a u s e  i t  is a b o u t  t h e  s i z e  o f  a g a r b a g e  c a n .  As you c a n  see, 
this pump is v e r y  d e n s e  -- it 's got  t h r e e  stages of t h e  pump a n d  
two t u r b i n e  s t a g e s .  T h i s  is where  y o u r  combustor is on a pre- 
b u r n e r  comes t h r o u g h  t h e  t u r b i n e  n o z z l e s ,  d r i v e s  t h e  t u r b i n e  a n d  
e x h a u s t s  o u t  of  t h e  t u r b i n e  and i n t o  t h e  ma in  c o m b u s t i o n  cham- 
ber. The h i g h  speed pumps have b e e n  a problem i n  d e v e l o p m e n t  of 
both  t h e  hydrogen  pump and t h e  LOX pump. W e  have  c o n f i g u r a t i o n s  
now w i t h  a l l  o f  our f i x e s  t h a t  look l i k e  t h e y ' r e  good and  d u r a b l e  
and  c e r t i f i a b l e  f o r  100 p e r c e n t .  We have  r u n  o u r  p r e s e n t  e n g i n e  
a t  109 percent about  1 ,000  seconds. W e  have  one  e n g i n e  a t  t h a t  
a n d  w e  found no  problem,  b u t  w e  know t h e  f a t i g u e  l i f e  o f  t h e  
p a r t s  is g o i n g  t o  be a problem s o o n e r  or l a t e r  a t  t h o s e  h i g h e r  
s t r e s s e s .  N e x t  char t  please, 

F i n a l l y ,  on t h e  e n g i n e ,  t h i s  is t h e  f i r s t  rocket e n g i n e  t h a t  
h a s  even  been computer c o n t r o l l e d .  People were somewhat d u b i o u s  
a b o u t  this i n  t h e  past ,  you know when w e  s ta r ted ,  b u t  t h i s  h a s  
r e a l l y  t u r n e d  o u t  to  be a r e a l  p lus .  I t  g i v e s  u s  f l e x i b i l i t y  i n  
changing m i x t u r e  c o n t r o l ,  chang ing  s t a r t  s e q u e n c e s  and c h a n g i n g  
s t o p  s e q u e n c e s ,  and i t ' s  r e a l l y  been  a v a l u a b l e  deve lopmen t  tool 
much less i t ' s  g o i n g  t o  pay o f f  f o r  u s  i n  t h e  operat ions.  
T h e r e ' s  n o t h i n g  f u n d a m e n t a l l y  new or t e c h n o l o g i c a l l y  i n n o v a t i v e  
i n  terms of t h e  hardware, b u t  t h e  u s e  of the  h a r d w a r e  i n  a 
c losed-lodp e n g i n e  cycle l i k e  t h i s  is a new phenomena. N e x t  
slide p l e a s e .  a 

A v i o n i c s  -- w e  could spend h o u r s  o n  t h i s  -- b u t  l e t  m e  j u s t  
pause a m i n u t e  on i t .  You're  g o i n g  to  g e t  a f a i r l y  good dose of 
this down a t  J o h n s o n  i n  two w e e k s  so I won ' t  d w e l l  on  i t .  Basic- 
a l l y  w e  s t a r t e d  o u t  w i t h  a n  a l l  f l y - b y - w i r e  d i g i t a l  s y s t e m ,  wh ich  
a t  t h e  time t h e  c o r n e r s t o n e  was l a i d  back i n  ea r ly  ' 7 2 ,  t h i s  was 
t h e  o n l y  v e h i c l e  committed t o  t h a t .  N o w  s i n c e  t h a t  t i m e ,  a i r -  
p l a n e s  have  begun p i c k i n g  i t  up b u t  t h e y  d o n ' t  depend on i t  as 
much as w e  do. W e  d o n ' t  have any control  c a b l e s  or cont ro l  rods,  
d r i v e  v a l v e s ,  we're e n t i r e l y  d e p e n d e n t  on electronics.  W e  h a v e  
f o u r  w h a t  you m i g h t  c a l l  s e p a r a t e  electronic s y s t e m s  d r i v e n  byl 
f o u r  c o m p u t e r s  and most of t h e  end  e f f e c t o r s  and  t h e  data 
sources ,  t h e  s e n s o r s ,  are also q u a d - r e d u n d a n t .  T h i s  presented u s  
w i t h  q u i t e  a capab i l i t y  and  makes a v e r y  sa fe  system b u t  i t  does 
make i t  v e r y  complex i n  terms of d e v e l o p i n g  r edundancy  management  
t e c h n i q u e s .  So t h a t  h a s  been a problem a l t h o u g h  our s o f t w a r e  h a s  
come a l o n g  q u i t e  well. We're f a i r l y  c o m f o r t a b l e  t h a t  we've f o u n d  
t h e  bugs  i n  t h e  s o f t w a r e  and t h e  mach ine .  This j u s t  shows some 
of t h e  a v i o n i c s  s y s t e m s ,  b u t  when you get r i g h t  down t o  i t ,  you 
c a n ' t  r e a l l y  e v e n  lower t h e  l a n d i n g  g e a r  w i t h o u t  t h e  compute r .  
N e x t  s l i d e  please. 

T h e  E x t e r n a l  Tank doesn '  t have  any rea l  advanced t e c h n o l o g y  
i n  i t .  I t h i n k  i t ' s  t h e  b i g g e s t  s i n g l e - s t a g e  f u e l  t a n k  e v e r  
b u i l t ,  so in t h a t  sense i t ' s  g o t  some new problems. It's n o t  t h e  
b i g g e s t  d i a m e t e x  e v e r  b u i l t .  The  S a t u r n  f i r s t :  and s e c o n d  s t a g e s  
were  a f e w  f ee t  Digger  i n  diameter. I d i d n ' t  w a n t  t o  leave i t  
o u t  because i t  15 a d i f f i c u l t  t a s k  t o  d e s i g n  and d e v e l o p  a l i g h t -  

-more- 
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w e i g h t ,  cheap ,  e x t e r n a l  t a n k .  I t ' s  n o t  a s  chea;l, as w e  woaid l ; < e  
i t  t o  be. We have t o  p u t  a l o t  more hand i n s u l a t i o n  work o n  i t  
t h a n  w e  i n t e n d e d  and we're work ing  ways and  scr:\?mes of eliminat- 
i n g  t h a t  i n  t h e  f u t u r e .  Nex t  s l i d e  please. a 

The s o l i d  rocket booster is a l so  u n u s u a l  i ?  some senses. 
I t s  primary r e q u i r e m e n t  t h a t ' s  d i f f e r e n t  is  r e u s a b i l i t y .  we want 
t o  reuse a l l  t h e  ha rdware  q u i t e  a b i t ,  somewhere be tween 20  and  
40 times f o r  most of  t h e  ha rdware .  P a r a c h u t e s ,  w e ' l l  p r o b a b l y  
g e t  about  1 0  uses o u t  o f  t h a t .  T h e s e  are  t h e  l a r g e s t  o p e r a t i o n a l  
p a r a c h u t e s  e v e r  used .  P l o p p i n g  t h i s  b i g  t h i n g  down i n t o  t h e  
water and no t  b e n d i n g  i t ,  and g e t t i n g  i t  o u t  and  r e u s i n g  t h e  
e q u f p u e n t  r e p r e s e n t s  q u i t e  a c h a l l e n g e .  I t  was designed f o r  a l l  
that. We have pet  to see how s u c c e s s f u l  we're goizg io be. #e 
p l a n  t o  take t h e  f i r s t  two b o o s t e r s  t h a t  come back a p a r t  and make 
sure  t h a t  water d i d n ' t  g e t  i n  where  i t  s h o u l d n ' t  and t h i n g s  like 
t h i s ,  so t h a t  i n  f u t u r e  r e u s e s  w e  can  j u s t  t u r n  a round  w i t h o u t  
d i s a s s e m b l i n g  t h e  whole t h i n g .  T h i s  as a rocket, of course,  h a s  
a requirement t h a t  is more s t r i n g e n t  t h a n  any  o t h e r  solid motor 
and t h a t  is, i t ' s  g o t  to  w o r k  100 p e r c e n t  of t h e  time. T h e r e  is 
no f o r g i v i n g  f a i l u r e  mode i n  a s o l i d  motor t h a t  h a s  t o  work a l l  
t h e  time. I f  its case b u r n s  t h r o u g h  you lose c o n t r o l  and  so 
f o r t h .  So i t ' s  been d e s i g n e d  t o  have much b i g g e r  safety f a c t o r s  
and  i n s u l a t i o n  t h i c k n e s s e s ,  n o z z l e  walls,  t h a t  sort of t h i n g ,  
t h a n  p r e v i o u s  s o l i d  rockets. And i n  our test  program w e  f i r e d  
f o u r  deve lopment  and t h r e e  q u a l i f i c a t i o n  m o t o r s ,  all s e v e n  LOO 
percent s u c c e s s f u l .  Nex t  s l i d e  please. 

F i n a l l y ,  t h e  l a u n c h  p r o c e s s i n g ,  c h e c k o u t  and c o n t r o l  system 
t h a t  w e  have o p e r a t i n g  a t  t h e  C a p e  is  a n o t h e r  i n n o v a t i o n .  I t ' s  
t h e  n e x t  g e n e r a t i o n  of au tomated  c h e c k o u t  e q u i p m e n t .  I t ' s  con- 
t r o l s  j u s t  a b o u t  e v e r y t h i n g  a t  t h e  Cape i n c l u d i n g  t h e  v a l v e  posi- 
t i o n s  i n s i d e  t h e  o r b i t e r  and  i n s i d e  t h e  t a n k  f a r m s .  I t  t akes  a l l  
t h e  d a t a  , c r u n c h e s  i t  up and d i s p l a y s  i t  on c o l o r e d  t u b e s  t o  t h e  
o p e r a t o r s  and so on. T h e r e  are a couple of a d v a n c e s  i n  t h e  s t a t e -  
o f - t h e - a r t  made h e r e  e v e n  though t h e  actual ha rdware  is  s h e l f -  
t y p e  equ ipmen t :  t h e  n e t w o r k i n g  o f  t h e  many c o m p u t e r s  and  real 
t i m e  command and control by u s i n g  t h e  common d a t a  source is  new 
and  t h i s  is a large s y s t e m .  And of course u t i l i z a t i o n  of t h e  
automated c h e c k o u t  and process control l a n g u a g e  t o  program t h e  
system is another f i r s t .  W e  d o n ' t  have  programmers programming 
t h e  compute r s ;  we're a c t u a l l y  u s i n g  t h e  l a n g u a g e  c a l l e d  "goal" 
where  t h e  e n g i n e e r s  c a n  more or less write ou t  t h e i r  i n s t r u c t i o n s  
s u c h  as t h e  c l o s e d - v a l v e  15 and  t h a t ' s  t h e  programming. On t h e  
r i g h t  y o u  see a picture  of one of f i r i n g  rooms w i t h  t h e  LPS 
e q u i p m e n t .  I t  t u r n s  o u t  t h a t  t h e s e  are t h e  same consoles t h a t  
were used i n  t h e  f i r i n g  rooms for A p O l l O  except t h e y  t u r n e d  them 
u p s i d e  down and r e b u i l t  them f o r  LPS. 

T h a t ' s  a l l  I have  t h i s  morn ing  so I g u e s s  I ' l l  t u r n  i t  back 
t o  B i l l .  - 

MR. O'DONNELL: Okay, w h i l e  t h e y ' r e  g e t t i n g  the s t a g e  r e a d y  
h e r e  f o r  t h e  Q and A, I ' d  l i k e  to  remind you again t o  p l e a s e  f i l l  
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out o r  s e l f - a d d r e s s  a n  enve lope  a t  t h e  back so we can g e t  t h e  
t r a n s c r i p t s  t o  you. T h i s  a l s o  g i v e s  u s  a l is t  of names So w e  can 
keep  i n  touch  w i t h  t h e  people  who are a t  these v a r i o u s  b r i e f i n g s .  
T h a t  goes a l s o  for  p e o p l e  out a t  t h e  centers -- i f  t h e y  w i l l  l e t  
u s  know i f  t h e y  w a n t  a t r a n s c r i p t ,  w e ' l l  g e t  i t  to  them. N o w  f o r  
t h e  q u e s t i o n s ,  i f  you w o u l d  p l e a s e  wait for  t h e  microphone  before 
you s t a r t  a s k i n g  your  q u e s t i o n  and for t h e  p u r p o s e s  of  t h e  
t r a n s c r i p t  we'd a p p r e c i a t e  i t  i f  you would i d e n t i f y  y o u r s e l v e s .  
O k a y .  C r a i g .  

MR. COVAULT: C r a i g  C o v a u l t ,  A v i a t i o n  Week. J o h n ,  c o u l d  you  
g i v e  a s h o r t  s t a t u s  v i s - a - v i s  t h e  s t a t u s  of  a a b o u t  mon th  ago and  
a second  more d e t a i l e d  r e s p o n s e  t o  t h e  s i t u a t i o n  i n  t h e  OMS p o d s  
now v i s - a - v i s  s t a t u s  and SSME from t h e  s t a n d p o i n t  of  any open 
i t e m s  on problems?  

MR. YARDLEY: B a s i c a l l y ,  s t a t u s  o f  t h e  o v e r a l l  w o r k  i n v o l v e d  
in g e t t i n g  t o  STS-1, w e  set t h e  s c h e d u l e  a b o u t  f i v e  or s i x  w e e k s  
ago, and w h i l e  new t h i n g s  have come up,  t h e y l r e  a l l  t h i n g s  t h a t  
are w i t h i n  t h e  e n v e l o p e  of  t h e  s c h e d u l e  we 've  g o t  and a l l  t h e  
m i l e s t o n e s  w e  had set f o r  us, f o r  o u r s e l v e s ,  i n  t h a t  s i x  w e e k s  
have  been done.  No problem h a s  come up t h a t  w e  would be con- 
c e r n e d  a b o u t  bumping t h a t  s c h e d u l e .  As f a r  as t h e  OMS is con- 
c e r n e d ,  t h e  OMS pods ,  w e  a c t u a l l y  g o t  them o f f  t h e  v e h i c l e  o v e r  a 
w e e k  e a r l y .  They are i n  work now i n  t h e  h y p e r g o l i c  f a c i l i t y .  A l l  
t h e  pa r t s  n e c e s s a r y  are t h e r e  and t h e r e  d o e s n ' t  seem t o  be any  
problem w i t h  r e s p e c t  to  g e t t i n g  i t  f i x e d  and back on  t h e  b i r d  o n  
s c h e d u l e .  N o w  t h e r e ' s  a lways a t h r e a t  because t h e  f i x e s  we're 
p u t t i n g  i n  we're also p u t t i n g  i n t o  a test a r t i c l e  a t  J o h n s o n ,  
w h i c h  w i l l  have t o  be  r u n  through t h e  v i b r o - a c o u s t i c  a g a i n .  So 
i f  t h a t  shows some of  our fixes are inadequate ,  t h e n  t h a t  could 
be a s c h e d u l e  problem. On t h e  e n g i n e ,  we've begun e n g i n e  t e s t i n g  
a g a i n .  We're t e s t i n g  on  all t h r e e  s t a n d s  a g a i n .  We completed t h e  
t h i r d  c e r t i f i c a t i o n  c y c l e  on 0009 last w e e k .  I t  is c u r r e n t l y  
b e i n g  f i t t e d  w i t h  t h e  changes  f o r  t h e  bu rn  t h r o u g h  w e  had and  
w i l l  be r eady  to  r u n  tomorrow ( s e p t .  11) on t h e  f i r s t  r u n  of  t h e  
f o u r t h  cer t  c y c l e  which w i l l  be r u n  a t  102  percent ins tead  of 100  
p e r c e n t ;  2008, which is our f i r s t  f u l l - p o w e r  l e v e l ,  1 0 9 - p e r c e n t  
e n g i n e  d e s i g n e d  w i t h  a l l  t h e  newer s t u f f  i n  i t ,  w e  have on a test 
s t a n d  a t  NSTL and w e  made its f i r s t  r u n  y e s t e r d a y ,  which is 
n o r m a l l y  a one-and-a-half-second r u n  t o  check  o u t  how g o e s  i t  and 
i t ' l l  have a second a c c e p t a n c e  r u n  tomorrow or t h e  n e x t  day .  
T r i p l e - 0 7  o u t  a t  Santa  Susana is t h e  e n g i n e  t h a t  we're d o i n g  t h e  
development  test w o r k  on t o  make  sure t h a t  our f i x e s  w i l l  w o r k .  
A n d  w e  r a n  a v e r y  s i g n i f i c a n t  test  y e s t e r d a y ,  l a s t  n i g h t  l a te .  
We p u t  t h e  f ixes  i n  f o r  t h e  b u r n  t h r o u g h  and  t h e n  w e  p u r p o s e l y  
damaged two of t h e  in jector  p o s t s  i n  a way t h a t  would c a u s e  a 
burn  t h r o u g h  and we a c t u a l l y  c u t  a h o l e  t h r o u g h  one, t h r o u g h  t h e  
liner of one of these posts. O u r  e b j e c t i v e  was t o  m a k e  sure t h a t  
w e  c o u l d  s u r v i v e  another  f a i l u r e  l i k e  w e  had i n  6 and w e  have  t o  
c rea te  the Eai-'.a* because i t  o n l y  happens  a b o u t  e v e r y  300 r u n s .  
R e s u l t s  I have ? c  t h i s  i n s t a n t  of t i m e ,  all t h e  temperatures 
inside t h e  e n q f w  and t h e  case a l l  remained  normal .  So i t  looks 
like our Eix  was -- t h a t  is i f  o u r  damaging t h e  i n j e c t o r  
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p o s t  a c t u a l l y  caused t h e  same problem.  W e  have  t ~ z  l.ook inside t c  
make sure  t h a t  t h e  p rob lem was r e a l l y  t h e r e .  sc. t h a t ' s  a quick 
answer. 

MR. COVAULT: What new s t u f f  i n  t h e  l a s t  mo-rth was t h e r e ?  

MR. YARDLEY: W e l l ,  t h e  o n l y  new s t u f f ,  C r a i g ,  were t h e  g u y s  
r e a p p r a i s i n g  o t h e r  parts of  t h e  v e h i c l e  f o r  l i f t o f f  l o a d s .  N o w  
t h e  OMS pod f i x e s  were as a resu l t  o f  t h e  v i b r o - a c o u s t i c  tests 
which  showed t h a t  t h e  a n a l y s i s  of g e t t i n g  f rom t h e  o u t s i d e  
e n v i r o n m e n t  t o  t h e  i n s i d e  accelerat ions was i n h e r e n t .  And t h e y  
have  used a b o u t  12 modes f o r  t h e s e  a n a l y s e s  and t h e y  w e n t  and 
u s e d  50 modes and t h e y  came u p  w i t h  a p r e t t y  good c o r r e l a t i o n .  
SO t h e y ' r e  go ing  back and  look a t  o t h e r  pieces. And r i g h t  now,  
t h e r e ' s  a p o s s i b i l i t y ,  t h e y ' r e  c o n c e r n e d  l e t ' s  s a y ,  a b o u t  a 
c o u p l e  of f i t t i n g s  i n  t h e  f o r w a r d  RCS r a d i a t o r  f i t t i n g ,  t h o s e  a r e  
t h e  o n l y  two I c a n  recal l  r i g h t  now. B u t  when w e  f i r s t  h i t  some- 
t h i n g  l i k e  t h a t  w e  s t a r t  work ing  a f i x  and  we g e t  t h e  p a r t s  r e a d y  
to  g o  i n  b e f o r e  we're sure its a problem.  So t h o s e  p rob lems  a r e  
s u c h  t h a t  t h e y  won ' t  bump t h e  s c h e d u l e  e i t h e r .  

MR. O'DONNELL: A l b e r t .  

MR. SEHLSTEDT: A l b e r t  S e h l s t e d t ,  Baltimore Sun. Mr. 
Yardley, you m e n t i o n e d  two t y p e s  o f  t i les .  I wondered i f  you 
cou ld  say w h a t  t h e  t h i c k n e s s  is of  each t y p e  of t i l e  and a l so  
approximate how much o f  t h e  e x t e r i o r  is c o v e r e d  w i t h  t i le?  

MR. YARDLEY: Okay, t h e r e ' s  r e a l l y  b a s i c a l l y  w h i t e  t i l e  and 
t h e r e ' s  b l a c k  t i l e  and  t h e  w h i t e  t i l e ,  t h e y ' r e  b o t h  t h e  same 
material w i t h  d i f f e r e n t  c o a t i n g s .  The  w h i t e  t i l e s  r a n g e  u p  t o  
a b o u t  o n e  i n c h  from say a h a l f  i n c h  t o  one i n c h .  The b l a c k  t i l e s  
g e n e r a l l y  are above  one  i n c h  and go up as  h i g h  as t h r e e  and  a 
h a l f  i n c h e s  t h i c k .  Now t h e r e ' s  a special k i n d  of b l a c k  t i l e  t h a t  
is a h e a v i e r  material, i t ' s  a d e n s e r  material of t h e  same b a s e  
material .  I t ' s  22 pounds  per cubic  f o o t  i n s t e a d  o f  9 .  We u s e  
t h a t  i n  areas where  i t  n e e d s  h i g h  s t r e n g t h  or i t ' s  g o t  a l i t t l e  
h i g h e r  temperature a n d  I d o n ' t  have  a precise f i g u r e ,  b u t  I think 
a b o u t  75 p e r c e n t  o f  t h e  O r b i t e r ' s  g o t  t i l e  o n  i t .  

MR. O'DONNELL: Okay, Dave. 

MR. DOOLING: Dave D o o l i n g ,  H u n t s v i l l e  Times .  J o h n ,  could 
you go over b r i e f l y  a g a i n  t h e  problems of t h e  s o f t w a r e .  From 
some of t h i n g s  I ' v e  h e a r d ,  i t  w a s  r ea l ly  a tough  n u t  t o  crack €or  
a few months  t h e r e ,  t h e  f l i g h t  s o f t w a r e .  

MR. YARDLEY: The b i g g e s t  c o n c e r n  w i t h  t h e  s o f t w a r e ,  I ' d  s a y  
i n  t h e  s p r i n g ,  was i n  t h e  d e s c e n t  f l i g h t  c o n t r o l  par t  of i t .  We 
were t e s t i n g  t h e  basic s o f t w a r e  and  ore were a b l e  t o  f i n d  some 
c o n d i t i o n s  t h a t  you could  g e t  ou t  of c o n t r o l .  They were extreme 
worst on w o r s t  cases w i t h  b r o a d  tolerances away from our wind 
t u n n e l  tests and t h i n g s  l i k e  t h i s .  so t h e  g u y s  w e n t  back and 
i n v e n t e d  some new f i l t e r s  and pu t  t h a t  i n  and  t h a t  s o f t w a r e  has 
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a been working ve ry  well and we d o n ' t  t h i n k  t h a t ' s  a p rob lem 
anymore.  

n ~ .  FROSCH: I t h i n k  the  comment s h o u l d  be made t h a t  t h a t ' s  
n o t  r e a l l y  a s o f t w a r e  problem i n  t h e  sense t h a t ,  can you program 
t o g e t h e r  to  do t h e  r i g h t  a lgorhythm.  The problem was whe the r  i n  
f a c t  w e  had t h e  r i g h t  f l i g h t  control  e q u a t i o n s ,  whe the r  t h e  
b e h a v i o r  of  t h e  v e h i c l e  a s  modeled was what t h e  b e h a v i o r  of  t h e  
rea l  v e h i c l e  would be and there  were some p l a c e s  where t h e  wor ry  
was t h a t  w e  migh t  be too c l o s e  t o  t h e  s t a b i l i t y  b o u n d a r i e s  and 
one had t o  c o r r e c t  t h e  e q u a t i o n s  so t h e y ' d  be  a l i t t l e  more 
modern. 

MR. YARDLEY: I ' d  l i k e  t o  m a k e  a n o t h e r  comment re la t ive  t o  
t h a t .  The s o f t w a r e  w i l l  be a l o n g  pole i n  t h e  t e n t  no matter 
when you f l y  because, n o t  because  t h e  s o f t w a r e ' s  l a t e r  i n  b u t  
because i t ' s  so much more f l e x i b l e  t o  m a k e  c h a n g e s  i n  t h e  s o f t -  
ware t h a n  i t  is i n  t h e  hardware.  We've got a couple of problems 
w e ' r e  s o l v i n g  r i g h t  now and between hardware  and s o f t w a r e ,  so 
t h e y  have to go back and redo t h e  s o f t w a r e .  So i t ' s  always been 
t h a t  way, and i t  w i l l  a lways  c o n t i n u e  t o  be t h a t  way. I t ' s  n o t  
t h a t  t h e r e ' s  any basic problem w i t h  t h e  s o f t w a r e ,  i t ' s  j u s t  a 
t oo l  t o  s o l v e  o t h e r  problems. 

MR. SCHEFTER: J i m  Schefter ,  P o p u l a r  S c i e n c e .  J o h n ,  w h a t  
are t h e  key t h i n g s  t h a t  y o u ' r e  g o i n g  to be l o o k i n g  a t  o v e r  t h e  
n e x t  c o u p l e  of months t h a t  c o u l d  impact t h e  l a u n c h  s c h e d u l e  i n  
March? 

MR. YARDLEY: W e l l ,  of c o u r s e ,  t h e  e n g i n e  t e s t i n g .  I f  two 
m o n t h s  from now we f i n d  a n  engine problem t h a t  takes  some t i m e  t o  
s o l v e  and have t o  s t a r t  a n o t h e r  c e r t i f i c a t i o n  c y c l e ,  you see 
r i g h t  now our  cert  c y c l e  w i l l  be complete by t h e  end  of  December. 
T h a t  s t i l l  g i v e s  u s  a three-month c u s h i o n .  I f  I ran i n t o  a n  
e n g i n e  t h a t  had t o  r e p e a t  a ce r t  c y c l e  o v e r  a three-month  p e r i o d ,  
I could  be i n  t r o u b l e .  There are ce r t a in  t i l e  c e r t i f i c a t i o n  
q u a l i f i c a t i o n  tests p lanned  for t h e  December-January t i m e  period, 
I have a l o t  of c o n f i d e n c e  we'll pass t h o s e  tests, b u t  i f  w e  had 
a problem t h e r e ,  t h a t  c o u l d  bump t h e  s c h e d u l e .  The OMS pod, f o r  
example -- i f  these l a t e r  tests show t h a t  some of our  f i x e s  are 
inadequate ,  t h a t  c o u l d  be a problem. 

M R .  O'DONNELL: B a c k  there ,  Bob A s m a n .  

MR. ASMAN: Bob Asman, w i t h  NBC. D r .  F r o s c h ,  could  you  
d i s c u s s  t h e  i n t e g r a t i o n  of t h e  p r ime  crew w i t h  t h i s  e a r l y  f l i g h t  
t e s t i n g  or t h e  e a r l y  t e s t i n g ?  I n  o t h e r  words, how much h a s  t h e  
p r i m e  crew been i n v o l v e d  i n  some of t h e  s o f t w a r e  deve lopment?  

DR.  FROSIX: Well, I guess  Bob C r i p p e n  is r e g a r d e d  as t h e  
software experr of t h e  a s t r o n a u t  corps and one  of t h e  s o f t w a r e  
e x p e r t s  on t h e  whole s u b j e c t .  H e  h a s  been  i n v o l v e d  i n  t h e  l o g i c  
and some of t h e  s o f t w a r e  deve lopment  and is ,  1 t h i n k  i t ' s  f a i r  t o  
say,  used as an e n g i n e e r i n g  c o n s u l t a n t  i n  t h e  whole s o f t w a r e  
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prob lem.  Of  t h e  two prime crew members, J o h n  Y < - ~ ~ J . ' : ~ J  and Bob  
C r i p p e n ,  h e ' s  t h e  e x p e r t  on  t h e  software. I t ' s  p e n e r s l l y  the 
p r a c t i c e  t h a t  members o f  t h e  a s t r o n a u t  corps w o r ~  as e n g i n e e r i n g  
o r  t e c h n i c a l  specialists d u r i n g  t h e  deve lopmeEt  dad t h a t ' s  t r u e  
o f  e s s e n t i a l l y  a l l  t h e  members o f  t h e  corps. I t  is t h e  case t h a t  
Bob is t h e  one who s p e c i a l i z e d  i n  t h e  s y s t e m  s o f t w a r e .  

MR. O'DONNELL: Down h e r e ,  L a z l o .  

MR. DOSA: Dosa, Voice of America. D o  you have  any  
t e n t a t i v e  t i m e l i n e  f o r  t h e  € i r s t  f l i g h t ?  

XR. YARDLEY: Oh yes,  w e  have  f a i r l y  d e t a i l e d  t i m e l i n e s  
which we can g e t  for you.  B a s i c a l l y ,  as I reca l l ,  i t ' s  a 54-hour 
f l i g h t  and it 's basical ly  a n  e n g i n e e r i n g  test f l i g h t  where w e ' r e  
g o i n g  t o  test o u t  t h e  systems and w e ' l l  be g o i n g  t h r o u g h  a re- 
e n t r y  r e h e a r s a l  a day  a h e a d  o f  t i m e  and be p r e p a r e d ,  i f  some- 
t h i n g ' s  wrong to come i n  a t  t h a t  t i m e  and  t h i n g s  l i k e  t h i s .  
T h e r e ' s  no s c i e n t i f i c  a c t i v i t y  t h a t  I ' m  aware o f .  

MR. O'DONNELL: A 1  Ross i t e r .  

MR. ROSSITER: A 1  Ross i t e r ,  UP1 h e r e .  J o h n ,  what  is t h e  
p l a n  now f o r  ejection seat removal .  I no t iced  i n  D r .  F r o s c h ' s  
c h a r t  t h a t  i t  was s c h e d u l e d  f o r  ' 83  and  I t h o u g h t  t h e  o r i g i n a l  
p l a n  was t o  remove t h e  seats a f t e r  t h e  f i r s t  f o u r  f l i g h t s .  

s u c h  t h a t  we can remove them any t i m e  a f t e r  t h e  f o u r t h  f l i g h t  u p  
t o  t h e  n i n t h .  I t  j u s t  is a f l e x i b i l i t y  t o  see where w e  are .  I n  
o t h e r  words  we want t o  be a b l e  t o  have  a l l  t h e  ha rdware  a n d  
e v e r y t h i n g ,  b u t  d e p e n d i n g  on w h a t ' s  going o n ,  you know t h a t ' s  a 
f a i r l y ,  l e t ' s  s a y  an  e x t r a  few months  l a y o u t ,  w e  may elect t o  n o t  
do t h a t  s i n c e  w e  d o n ' t  have  any  more t h a n  two-man f l i g h t s  up 
u n t i l  t h e  f i r s t  S p a c e l a b ,  and m a k e  some of t h o s e  f l i g h t s  t o  make 
Stan Weiss' customers s a t i s f i e d .  

FIR. YARDLEY: Howard, r i g h t  now, our plans a r e  b e i n g  made 

DR. FROSCH: I t ' s  n o t  r e a l l y  a matter o f  t h e  e j ec t ion  sea t  
u s e  b u t  s i m p l y  n o t  n e c e s s a r i l y  w a n t i n g  t o  i n t e r r u p t  t h e  f l i g h t  
s c h e d u l e  i n  o r d e r  t o  take o u t  t h o s e  seats b e f o r e  w e  a c t u a l l y  have  
t o  b e c a u s e  we need t h e  w e i g h t - c a r r y i n g  c a p a c i t y .  

Q: Y o u  would expand t h e  crew s i z e  s o o n e r ?  

M R .  YARDLEY: W e  h a v e n ' t  r e a l l y  c r o s s e d  t h a t  b r i d g e  b u t  
t h a t ' s  been  ou r  b a s i c  t h i n k i n g .  You w o u l d n ' t  w a n t  t o  f l y  -- i t  
would be poor  t a s t e  t o  f l y  two i n  ejection sea ts  and  two not .  
( L a u g h t e r ) .  T h e r e ' s  a n o t h e r  p r a c t i c a l  c o n s i d e r a t i o n ,  t h a t  is, 
you d o n ' t  have room i n  t h a t  upper deck  w i t h  t h o s e  big s e a t  
s t r u c t u r e s  t o  r e a l l y  o p e r a t e  e f f e c t i v e l y  w i t h  more t h a n  two 
p e o p l e .  

MR. O'DONNELL: S e t h  Payne ,  back h e r e .  

-more- 
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MR. PAYNE: S e t h  Payne ,  B u s i n e s s  Week.  On one  of t h e  slides 
t h a t  you had ,  Dr. Yard ley ,  you showed t h e  t i les ,  and there was a 
l i t t l e  t h i n g  t h a t  s a i d  t h i n n e r  o n  t h e  lee side. What would be t h e  
lee s i d e  of a r e e n t r y  v e h i c l e ?  

MR. YARDLEY: T h a t ' s  a, I g u e s s  t h a t ' s  a term borrowed from 
t h e  s a i l o r s . .  . . . 

MR. PAYNE: I t ' d  have t o  be down w i n d . . . . .  

MR. YARDLEY: One is windward and one is leeward ....j u s t  
Pike s a i l i n g .  ... 

MR. PAYNE: You're  coming i n  a t  the . . . .  

MR. YARDLEY: I'm coming i n  a t  a 40-degree  angle of a t t a c k  
SO the w i n d  is on t h e  bottom and t h e  top is t h e  lee. 

MR. PAYNE: And even a t  t h a t  speed  you do have  a n  i d e n t i -  
f i a b l e  lee s i d e .  

MR. YARDLEY: Yes s i r .  

MR. PAYNE: So does t h a t  mean a l so  t h a t  YOU m u s t ,  you have a - - 
k i n d  of a r i g i d  r e e n t r y  p a t t e r n ?  

MR. YARDLEY: Well, i t  depends  on how you d e f i n e  i t .  I t ' s  
r i g i d  i n  t h e  sense t h a t  w e  want t he  a n g l e  of attacks m a i n t a i n e d .  
I t ' s  f l e x i b l e  i n  t h e  sense we have  p l e n t y  of c o n t r o l  t o  m a k e  sure 
we come down a t  the r i g h t  s p o t  and, of c o u r s e ,  i n  f u t u r e  f l i g h t s ,  
not on STS-1, w e ' l l  a c t u a l l y  have  control t o  go c r o s s r a n g e  up t o  
1 ,100 miles. 

MR. PAYNE: Q u i c k l y ,  cou ld  you t e l l  u s  what  progress you ' re  
m a k i n g  i n  f i n d i n g  a new t y p e  of t h e r m a l  p r o t e c t i o n  sys t em?  

MR. YARDLEY: W e l l ,  we have  i d e n t i f i e d  some improved t i l e  
m a t e r i a l s  t h a t  we're i n  deve lopment  o n  now. For example, I 
m e n t i o n  t h e  L I  2200 material, t h a t ' s  heavy. We've got  a n o t h e r  
m a t e r i a l  t h a t ' s  e q u a l l y  as s t rong and a b o u t  h a l f  as heavy,  t h a t  
we hope t o  q u a l i f y  and begin u s i n g .  We have  n o t  r e a l l y  found a 
good s u b s t i t u t e  y e t  f o r  t h e  l i g h t e r  w e i g h t  tiles. W e  s t i l l  have  
some development  g o i n g  on that .  B a s i c a l l y ,  t h e s e  deve lopmen t s  
a r e  i n  t h e  d i r e c t i o n  of making t h e  t i l e  a l o t  s t r o n g e r  w i t h o u t  
a d d i n g  any we igh t  and w i t h o u t  h u r t i n g  its thermal pe r fo rmance .  
So w e ' r e  movinq along t h a t  p a t h .  We're also s tudy ing  o ther  t i l e  
s y s t e m s  t h a t  would be farther downstream. There is some c o n c e r n ,  
t h a t ' s  been e l rp re s sed  by o u t s i d e  people t h a t  have  looked a t  t h e  
s y s t e m ,  t h a t  m y b e  t h e  t y p e  of f e l t  w e  have unde r  t h e  t i l e  may 
get loose and a l ~ p p y  a f t e r  30 t o  40 f l i g h t s ,  and we'd have  t o  
replace them. 4e 'd  l i k e  t o  be i n  a p o s i t i o n ,  i f  t h a t  happens ,  t o  
replace i t  w i t h  someth ing  be t t e r .  So we're w o r k i n g  on  a la rge  
v a r i e t y  of fronts. 
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M R .  PAYNE: Are you w o r k i n g  on a n  improvea :ilef? I n  o t h e r  
words are you s t i c k i n g  w i t h  t i l e  as t h e  bas ic  -... 

MR. YARDLEY: No, w e  had a s t u d y  g o i n g  down =it Langley  o n  
metallics, metallic h e a t  p r o t e c t i o n ,  more e x t e n s i v  use of c a r b o n  
c a r b o n  and so on. 

MR. O'DONNELL: Howard B e n e d i c t ,  back h e r e .  

MR. BENEDICT: Howard B e n e d i c t ,  AP.  I f  e v e r y t h i n g  goes  
a c c o r d i n g  t o  s c h e d u l e ,  what are your  dates  now for, say r o l l o u t ,  
t h e  movement t o  t h e  pad, t h e  FRE' and f o r  t h e  ac tua l  l a u n c h  t i m e ?  

DR. FROSCH: Okay, r o l l o u t  is b e f o r e  t h e  23rd of November. 
Launch is b e f o r e  t h e  end of March and I g u e s s  a t  t h e  moment t h e r e  
i s  t a l k  of a p o s s i b l e  date a t  t h e  m i d d l e  of March, FRF I don' t.. . 

MR. YARDLEY: FRF is c u r r e n t l y  shown as 7 F e b r u a r y .  

M R .  O'DONNELL: E v e r l y .  

MS. DRISCOLL: E v e r l y  D r i s c o l l ,  ICA.  John, I g o t  l o s t  
somewhere i n  your  t echnica l  j a r g o n ,  aFter t h e  p r e - b u r n e r .  

MR. YARDLEY: A f t e r  t h e  p r e - b u r n e r ?  

MS. DRISCOLL: A f t e r  t h e  p r e - b u r n e r .  I g u e s s ,  an a n s w e r ,  a 
simple answer t o  t h e  quest ion would be are w e  go ing  t o  have a 
more d e t a i l e d  less t e c h n i c a l  e x p l a n a t i o n  of  how t h e  e n g i n e  works 
and a l l  t h i s  a t  some date  down t h e  l i n e ?  

MR. YARDLEY: Down a t  M a r s h a l l ,  I would expect . . . . I t  w o n '  t 
be less d e t a i l e d ,  i t ' l l  be more de ta i l ed .  

MS. DRISCOLL: I ' m  s o r r y ,  I m e a n t  more d e t a i l e d ,  less  

DR. FROSCB: W e  may have t o  s t r a i n  i t  a b i t .  

technical ,  i n  t e rms  of j a r g o n  ... 

MR. YARDLEY: 1 d o n ' t  t h i n k  w e  can g e t  bo th .  

MS. DRISCOLL: T h a t ' s  okay. So t h e n ,  t h e  s h o r t  answer - -  
how would you s i m p l y  compare t h i s  e n g i n e  to  s a y ,  a jet  e n g i n e ?  
Bes ides  t h e  f a c t  t h a t  you u s e  t h e  e x h a u s t ,  is t h a t  c o r r e c t ?  

MR. YARDLEY: W e l l ,  a jet e n g i n e ,  i t ' s  h a r d e r  t o  compare.  
T h e y ' r e  both t u r b i n e s ,  t h e y  b o t h  b u r n ,  b u t  one h a s  a compresso r  
for  f u s i n g  a i r .  We have t o  pump oxygen and t h e  jets o p e r a t e  a t  
much lower p r e s s u r e s  and t e m p e r a t u r e s  and t h e y '  re much b i g g e r .  
You really have t o  compare i t  w i t h  r o c k e t  e n g i n e s ,  P r e v i o u s  
r o c k e t  e n g i n e s .  

we'll go t o  t h e  c e n t e r s .  Don? 
O'DONNELL: Okay, 1'11 t a k e  one more q u e s t i o n  here t h e n  
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MR. KIRKMAN: (Don Ki rkman ,  Scr ippa-Howard)  J o h n ,  g o i n g  
back to  t h e  TPS, t h e r e  was some t a l k  e a r l i e r  t h a t  you m i g h t  have  
a new k i n d  of TPS on t h e  f o u r t h  o rb i t e r  -- i t  was a p o s s i b l l i t y .  
My q u e s t i o n  is, are you committed t o  t h e  current  s y s t e m  y o u ' v e  
got  €or a l l  t h e  four s p a c e c r a f t  y o u ' r e  b u i l d i n g  now, or what?  

MR. YARDLEY: No, y o u ' r e  n o t  committed. R i g h t  now we're 
working  on improvements  and when we ge t  t h e  improvements  and 
we're c o n f i d e n t  of them, w e ' l l  program i t  i n  wherever  w e  happen 
to  be. R i g h t  now on o u r  second o rb i t a l  o rb i te r ,  099, we're g o i n g  
t o  s t a r t  p u t t i n g  TPS on t h i s  October and we're n o t  ready t o  do 
a n y t h i n g  new y e t  o n  t h a t .  we have  hopes t h a t  w e ' l l  have  t h i s  L I  
2200 r e a d y  t o  catch about the  l a s t  h a l f  of those t i les  and s a v e  
o u r s e l v e s  a b o u t  5 o r  6 hundred pounds.  B u t  we're n o t  commited 
and w e ' l l  commit as time goes on. I f  w e  g e t  someth ing  i n  t i m e f  
w e ' l l  do i t .  

MR. O'DONNELL: Okay, do w e  have  any  ques t ions  a t  Kennedy? 

MR. HARRIS: (Hugh Haris, KSC) Y e s f  t h i s  is Kennedy, and w e  
have  a number of q u e s t i o n s .  The f i r s t  is from Dave B a i l e y  of t h e  
Today Newspaper who a s k s :  "The r e c e n t  magazine  ar t ic les  reported 
t h a t  NASA s a i d  t h a t  t h e  S h u t t l e  t u r n a r o u n d ,  i n s t e a d  of t a k i n g  two 
wecke as o r i g i n a l l y  p r e d i c t e d ,  w i l l  take more t h a n  200 d a y s .  
What is NASA's  c u r r e n t  p r e d i c t i o n  of t h e  t u r n a r o u n d  t i m e  of t h e  
o p e r a t i o n a l  phase?" 

DR. FROSCH: I t  depends  on when. C l e a r l y  we're g o i n g  t o  
s t a r t  o u t  w i t h  much less t u r n a r o u n d  c a p a b i l i t y  t h a n  w e  w i l l  even -  
t u a l l y  learn  to  have and t h e  t u r n a r o u n d  t i m e  t h a t ' s  s c h e d u l e d  
be tween  t h e  f i r s t  f l i g h t  and t h e  second  f l i g h t  is l i k e  f i v e  o r  
s i x  months .  We're aiming a t  g e t t i n g  down t o  a couple of w e e k s .  
I d o n ' t  t h i n k  anybody has  an e x p e c t a t i o n  t h a t  w e  w i l l  be able  t o  
do t h a t  i n  less t h a n  s e v e r a l  y e a r s .  I t ' s  a l e a r n i n g  process. I 
d o n ' t  know where t h e  200 days  came from. T h a t ' s  a new number t o  
me even  i n  e v e r y b o d y ' s  most pessimistic i m a g i n a t i o n .  

a 

MR. YARDLEY: I t h i n k  I migh t  be able  t o  s h e d  some l i g h t  on  
t h a t .  T h e r e  is a n  a c t i v e  a n a l y t i c a l  e f f o r t  g o i n g  on a l l  t h e  t i m e  
t h a t  s t a r t e d  o u t  as 160-hour t u r n a r o u n d .  I t  is now a t  280  h o u r s ,  
j u s t  from t h e  e v o l u t i o n  o f  t h e  t h i n g .  I t  a p p e a r s  t h i s  a u t h o r  g o t  
t h e  2 8 0  h o u r s  c o n f u s e d  w i t h  280 days. A c t u a l l y  t h e  m a n i f e s t i n g  
t h a t ' s  b e i n g  done o u t  three or four y e a r s  is assuming f i v e  w e e k s ,  
w h i c h  is a l o t  more h o u r s  than e i t h e r  280 or.... 

MR. O'DONNELL: Okay Cape, got  some more? 

MR. SHO*rKNECHT: T h i s  is Ken S h o t k n e c h t  from WFTV i n  O r l a n d o ,  
F l o r i d a .  Rega rd ing  t a r g e t i n g  a l a u n c h  date ,  f i r s t  w e  hea rd  l a t e  
March of 1981 a n i  t h e n  March 10 and l a t e  March again,  so t h e  
q u e s t i o n  w o u l c  be,  why bo the r  j o c k e y i n g  a round  j u s t  a matter of 
d a y s  when t h e  L s l u m b i a  itself could  be s i t t i r i g  on t h e  pad a 
couple of e x t r a  m o n t h s  f o r  f i n a l  c h e c k o u t ?  
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DR. FROSCH: E s s e n t i a l l y  because w e  have  t o  -3ve a c o n t i n i i -  
i n g  w o r k i n g  s c h e d u l e  i n  order t o  do t h e  d e t a i l e d  ~ ' 1 . a n n i n g  s o  that 
w e  w o r k  i n  te rms  of how t h a t  s c h e d u l e  is a f f e c t e j  by t h e  various 
e v e n t s  t h a t  take p l a c e ,  and s i n c e  w e  have  a n  answer t o  the q u e s -  
t i o n ,  we answer t h e  ques t ion ,  which may be c o n f u s i q g  but  i t  i s  i n  
f a c t  t h e  answer i n  terms of  what we're d o i n g  e n t i r e l y .  

MR. O'DONNELL: Anymore from t h e  Cape? 

MR. HARRIS: Gordon Harris, R e u t e r s .  Does NASA p l a n  t o  t u r n  
t h e  S h u t t l e  over  to  a commercial o p e r a t i o n s  manager  a t  some 
poin t?  

DR. FROSCH: W e l l ,  I t h i n k  t u r n  is much too s t r o n g  a word. 
W e  h a v e  looked a l i t t l e  b i t  a t  t h e  q u e s t i o n  of how commercial 
operat ions might  be done  e v e n t u a l l y  and t h e r e  have  been one o r  
two -- I was g o i n g  t o  say vague  proposals ,  b u t  t h e y  were too  
vague  t o  be c o n s i d e r e d  proposals. A s  t o  what m i g h t  happen down 
t h e  l i n e ,  I t h i n k  t h a t ' s  s o m e t h i n g  t o  be c o n s i d e r e d  as we under-  
s t a n d  how t h e  s y s t e m  operates and w h e t h e r  w e  see whe the r  t h e r e  is 
anybody who wants  t o  do t h a t  and t h e n  t h e r e ' s  t h e  open  q u e s t i o n  
of how w e  would mix t h a t  k i n d  of a commercial or semi-commercial 
o p e r a t i o n  wi th  t h e  n a t i o n a l  s e c u r i t y  aspects of t h e  operat ion.  
So t h e r e  are a number t h i n g s  t h a t  h a v e  t o  be c o n s i d e r e d  b e f o r e  w e  
take s u c h  a step.  I d o n ' t  t h i n k  t h a t ' s  a s u b j e c t  for v e r y  serious 
c o n s i d e r a t i o n  f o r  s e v e r a l  years and I t h i n k  I said once before 
t h a t  anybody t h a t  came i n  and p r o p o s e d  a t  t h i s  s t a g e  t o  take o v e r  
a commercial operation b e f o r e  we have  a n  e x p e r i m e n t a l  f l i g h t ,  
would be somebody I would be very susp ic ious  o f .  I t ' s  s o r t  o f  
l i k e  Grouch0 M a r x ' s  comment t h a t  he  d i d n ' t  t h i n k  he  wanted t o  be 
a member of any c l u b  t h a t  wou ld  have  him. ( L a u g h t e r )  

and t h a t  is what  i s  LI-2200 and how much money is b e i n g  spent  o n  
a l t e r n a t i v e  t h e r m a l  p r o t e c t i o n  s y s t e m s ?  

I n s u l a t i o n .  The 2200 s t a n d s  fo r  22 pounds  per c u b i c  f o o t .  T h a t ' s  
j u s t  a numbering s y s t e m  t h a t  Lockheed i n v e n t e d .  
l i o n  do l la rs  p l a n n e d  €or looking  a t  a l t e r n a t i v e  t i l e s  in t e r m s  of 
metal, ca rbon  c a r b o n ,  a p p l i c a t i o n s  and  so on,  t h a t  t h e  Lang ley  
R e s e a r c h  C e n t e r  is managing i n d e p e n d e n t l y  of t h e  o n g o i n g  t i l e  
deve lopmen t  e f f o r t s  i n  t h e  actual project  and  we 've  programmed 
s o m e t h i n g  on t h e  order of $20,000,000 o v e r  t h e  n e x t  s e v e r a l  years 
t o  t r y  to  d e v e l o p  better t i l e .  

KSC: A f i n a l  q u e s t i o n  from Peter Larson o f  S e n t i n e l - S t a r ,  

MR. YARDLEY: Well, t h e  L I ,  I'm s u r e ,  s t a n d s  f o r  Lockheed 

W e  have a m i l -  

MR. O'DONNELL: Okay, do w e  h a v e  any  q u e s t i o n s  a t  Marshall? 

MARSHALL: Marshall, w e  have  no q u e s t i o n s .  

MR. O'DONNELL: How about Hous ton?  

MR. MALONEY: (Jim Maloney, Hous ton  P o s t )  This rollout d a t e  
of b e f o r e  November 2 3 r d  from t h e  OPF -- is t h a t  j u s t  a m a t t e r  Of 
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4 tow dyrr or do you ham a d 8 f i n i t e  Urte? 

aousTm¶ That'. I t  B i l l .  

DR. m S C E :  Yeo, w+U 1'11 .kart q c-nt lq raking a 
colrrent b M  on ~y o m  mrtmco of Wfs8g work* L.n klm M t a -  
gon for n i m  amd a h&t mzr. chr! L+ a WZd4ng w i t h  
25,000 p.oplo i n  it. It m r 2 y  th&r opinfwm on any 
gtven rubfoot. gv "K a Jnk t h a w  &re cero 
ta in ly  p. 0 On tho XWra#. #$st- w b e  fW that the very 

l a r l y .  I think IYI h.9. a jpaoQ opmrtinjr intcbrfrcr. T t  i a  char- 

people rerponri ale for 
ohargo of tha o ot- that t h y  um. I think t h a t  that's kind of 

So pou &IIw re say ukro. 

$. be inning T t rhould hpn bum dona am a military B r't"jl3~. 1 don' t 
th f nk tho mort 3f farrrS, -tar -&e feels t It particu- 

a roaronable ps I n t  of view froan t h e i r  pasit ion of re8ponribility. 

@ mtor imt ic  of aifit.ry mms @ m i t y  s y s t m  Bba the 
f#& that they would like to  be i n  

-more- 



-26- 

A d e f i n i t e  decision was mUe and has been remde w i t h  t h e  agree- 
ment and cooperation of t h e  aenfor managers  i n  ehe D e f e n r e  
Depar tmen t  that t h i u  will be n r n a g e d  00 a n a t i o n a l  S y 8 t e u ~  -- t h a t  
NASA w i l l  k t h e  dQpIzcbp.r and operator of t h e  orgartern and t h a t  we 
will cooperate i n  u&s@ it. I t ' r  impartant to  know t h a t  in t h e  
use and i n  the particular Defense Department f l i g h t s  t h a t  tbe 
Dcfemse Department w i l l  )sar c o n t r o l l i n g  the f l i g h t  and t h e  8gst.r. 

m-8 m t  olb t b  Jsanagtrgc for a a-nt, John. when 
bo you crpsct t& mwirm testa to t eeme ,  how many more 
do p a  W in the merim, when do you expect them to c o n c l u d e  
8nd hrnr stmb m i r o r g  to have between t h a t  and f i r s t  l a u n c h ?  

m. -2 OryC w r  i. o w  meh+bule for the n e x t  
Then wb*lL sabedule me fbr 1 Dewn&@c, I f  both of thorn go 
lettez parfeat, we -'qui& there. #cr have a n o t h e r  rahedaled on 
Dece&ber 31rt or JIwprrp ltt, rhf& i# a c o n t i n g e n c y  backup.  
Let's m y  w have to make all threat; I r t i l l  have got three 
months curhion. 

MS. Cpnthfr Ja&, Fafrchild P u b l i o a t i o n r .  I wonder 
if you CWszd 8ay what fmmvukions of tbe groc~ess of t h e  B h u t t l e  
developaebt psu would call the aott t . . r o lu t i ana ry?  I d o n ' t  t h i n k  
we have anything quite like rubber hem, but  what -0 and you alao 
said it's i-rtant t o  leak a t  it a6 a r y r t r r ~  i n n o v a t i o n  -- but  
what sre came of the irmmations barre t h a t  you expect are likely 
t o  be moet u s e f u l ?  

bBR. TWIDLSYs 'Fh+ 8tructrr;ral cdlltp~c#ftes a e r t e a i n l y  add t o  the 
s t o r e h o w s e  of knouhdge, There a n  o t h e r  airplane ptograau a b o u t  
i n  t he  same stage a8 we are -- t h y  ha-n ' t  b u i l t  q u i t e  a8 big 

-more- 

-. 



' i  
i 

-279, 

I 

I 

I 
1 

t 

a t u t t .  I t h i n k  you h i t  mort of thrip. 
\ 

XR. O'-L: O w t i o n # ?  8-k here, Mark Xrmr.  

MR. KUUaCRt Mask Rramer, CBs. Dr. Fromeh, i n  *ur vugraph 
h a l i n g  w i t h  launoh oort eompariaonr, I j u r t  want to  a a k e  8ure I 
undetr tand tho n m b e r r  hero, ~ o e r  thia  8-1 a aha& payload 
bay and, . . 

DR. m S C H :  T h i r  a 8 8 ~ . 8  a rhared payload bay and, i n  fact, 
that ' r  why there'. a diCt.rmcm k t w o m  vertical awl h a l i n e d  
kcaure tha t ' r  t h e  oharw band on the fraction of pcrsload bay 
that ' r  b d n g  ured. The a r r u p t i o n  i r  thrr teat of the  payload bay 
r i l l  bo ured b rorebody elm, b u t  t h e  ohrrge to  t h i r  umr doeun't  
dopond on t h a t ,  

MR. KRMBR: And w h a t  i r  t he  p r e r e n t  estimate for t h e  to ta l  
c o a t  of dedicated f l i g h t ?  

DR. FROSCH: Total colt of a dmdicrted, again I ' l l  calibrate 
it br dollar8 of a p a r t i c u l a r  yea r ,  a t  ' 7 5  dollarr, the ertinatc 
i r  about $22 r i l l i on ,  

bIR. XRANBRt And thrt ' r  what t h i r  e r t i ~ t e  ir, ' 7 5  dollars, 

0 t h e  one on t h e  ougraph? 

MR. KRMER: Okay. 

DR. FROSCH: So, there's 8-e t ranr la t ion . . . .  

UR. YARDtlcI: Probably 27 or 28 million... .  

DR. n#)8CH: Probably 27 or 28 i n  ' 7 8 .  

MIR. RRMBIt: Okay. A f i n a l  queation. We heard f igures  for 
a number of f l i g h t 8  that you cm expect the engine8 t o  lae t  and 
t h e  TP8. What ir tho n!r of f l ightu  you expect the main air 
fraae, the e n t i r e  r t r u c t u r o ,  to k reusable? 

m. m: )h'9. a u &  100 f l i gh t s .  

MR. ltRAWR: Thank you. 

MR. O'D(I##ILLt Okay, Ken S i l v e r r t o m  here. 

MR. SILVERSlYrJBt Ken Si lvarr tow,  Defeme Daily. Dr. 
Yardlay, could you go over again th. reusabi l i ty  estimates on the 
t i l a  itrelf on the Orbiter  1013 YOU t a l k e d  about the carbon 
carbon 40 or 5'3, bu t  how about the tiler themuelver? 
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